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An Assessment of Interactive GraF cs Processing
in Short-Range Terminal Weal -r Forecasting

F. -

. . INTRODUCTION

The practical o sesrgen e n of cor puter -driven inteaictive graphics dispLaY sys-

tems has sputrred a move, in both civilian and rn iii t terminal weather opeat-i

ions, f'r-om a manuail mode to a more automated mode. Conventional weather- data,

pr~esentlyv available in w eather stations via teletype and facsimile, ca!n be accessed

for, plotting, anlznmnplating, and displaying in virtually nuliie

number of ways by r-esident softwar'e once the basic data ace ingested into the com-

putet rSystem. Add to that the potential -and r-outine availability of imagery fr'oml

*polar- or-biting aind geostarionarvN weather' satellites, conventional and Doppler radar,

and ether- r-emote sensors and you haive a dramaitic increase in the amount and r'ate
ait 'xbrch infor-mation ran be made aivailable to the forecaster -user.

Becaiuse- of be( amount of data -and the wide r-ange of options available to the

forecaster, to manipulate it in the interactive display system, car-eful consideration

mnust be given to the methods available to effectivelly use the system-. As was

stated in the fir'st repor-t on this study,, the potential exists for inundaiting the base

*(Received for purblication 17 Januar-y 1984)
1. Chisholm, 1). A. , Jackson, A. J. , Nied(zielski, Al. 1F., Schecht er, H. , and

l? 
Ili

Tes srminal Foraec sting: n Initiali Assessmen, AFI -83 -0093,
IAD A n o u dCad

. . 11
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irpxethel r rt~ ieldS on Aphinunit 'ic e ml colni- gr-Lrphric ter-min~is . Resi -

dent soffwrtre in the huse w e~rther- st~rtio'5l AXXIS computer- will ilow the w erther-

mnt ti-user' to r-equest rthe execution of .t widle r tnge of inmtlysi s ind f rr-ec- isr -guid -

ncprocedur~es.

WVit h XXX S the re %will he ;in i orportirnt. difference in the formrrir of d~lta~ flow1 ig

11ron AF GXV( itllr hrk rtoiCc xex-lteni dttix-sis tndl fo r'ee~is t products will

hf- Inifor-rrrlx Gi-ided D~itui Fields (IGDT). j'h~tt is, the indixdduj, r'egulrl-

spid g'rpoirrr viuces w ill he transmittedl to birse w ezther qtzitions whe-e they

crr Ire tont ourteA imd (Ii sph txed in m ;rp fotem, its requi red I)-, the w e~tthetiman -user.

In . dirio -jt r flowxing from A 1-GWV( will incluide vector' graiphic pr-oducts to

je ibe 'A e thel rIit c hr t , i figures tind 'aisteir sc~in products (mit itl
lrrrrrted to \FM-GV('s Satfellite Globarl Dart~i Barse). Tlhe S~tellitc Glohril lDrttrt Thise

(SGD I )i cornpr-i se-.l in tinlx of :i -nni resolution vi sible rind I H sit elli te i mirgei rx-

r t rh hemispher e. Wrm" i maIge Ix input to the SG DI comnes frorivojl lrrle

pol t e-or-hr ring s. 'tell it es (for- Pxo m ple, IXXI SP rond NOAA), w hich is integrated into

'he SG 1)3 i treAt-im nr' t e r- irge ix from err iP quitrter-orhit Is, 'eceived it

12
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- AFGWC. At any one point in time. therefore, the individual pixel values on the

global SGDB may come from observations made several hours apart. This char-

acteristic greatly limits the value of the SGDB in mesos;cale 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 IGDE and SGD from AFGWC.)

They can, however, be reproduced in MclDAS to a large extent by analyzing

observational data and forecast guidance from the National Weather Service (NWS).

In addition, other- data sources (for example. GOES imagery) and capabilities

available within our McIDAS are germaine to short-range terminal forecasting

applications. See Chisholm et al1 for a description of McIDAS and its residence

software capabilities.

A research and development study was undertaken, using the .cItDAS ;is an

AWDS prototype, to examine benefits and/or problems inherent in video display

systems for the preparation and monitoring of short-range terminal forecasts.

A 2-yr mesoscale forecast experiment (NFI:) was conducted to assess:

(1) The value of certain mesoscale objective plot, analysis, and forecast

procedures in the preparation of short-range terminal Forecasts,

(2) The relative difficulty in preparing certain forecasts (elements) using an

interactive graphics 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 substantial

mesoscale variability, in generating both numerical (deterministic) and probabil-

istic terminal forecasts using an interactive graphics system. The forecast prep-

aration and met-watching aspects of the experiment were structured to simuLte

the process and requirements of providing the base weather station support stated

above.

2. MESOSCALE FOREC.AST EXPERIMENT (MFE)

The procedure that was established to assess aspects of interactive systems,

-- ,. data sources, and eVeathermn-user effectiveness vais to conduct a forec:ist test

experiment addressing :a particular set of short-range terminal forec:sting

requirements using research meteorologists. Two 1\1FI- test periods ,aere estab-
C lished; the first was conducted in the sumrnmer of 1982, the second in the summer

of 1983. This report combines the results of the 1982 and 1983 tests; in initial
assessment based on the 1982 test has been published previoussly. I In orde r to

conduct the tests most efficiently. d;it:, from significant weather episodes a ere

13
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* archived during the 1981-1982 and 1982-1983 winter and early spring stlt-r

seasons in the Northeast U.S. The archived data sets were then restore, I in

S--' McIDAS for each foreca Pxperiment. Twenty archived episodes were use I in

- the experiment, ten during the summer of 1982 and ten during the summer of

1983. The 1983 episodes are described in Appendix A of this report, the 1982
1*22: episodes in Chishoin et al.

The MFF. tests were conducted such that the time available for forecast prep-

-.",. aration was controlled to real-time limits. The forecasters had a singul r tzask

S-" and objective during the tests; prepare terminal forecasts for" two locations using

-.- as many of the resources available to them through lcIDAS for the purpose of

evaluating new and standard products and data sources. One forecast experiment

was conducted each week (typically in two 4-hr periods per forecaster and .%ith
three forecasters working together to evaluate the weather situation but indepen-

-* C.. dently preparing their forecasts). At the conclusion of each case, each ftorecatster

"'K completed evaluation forms in which the products used and the forecast aspects of
the case were assessed. These then, formed the basis for addressing purpose:;

(1), (2) and (3) of the MFEL as described in the INTIODUCTION.

2.1 Experimental Procedures

The forecasters were required to forecast (on an hourly cycle) a-indspee I int

direction, total cloud amount, and ceiling height for' periods of 1, 2, 4, imo n hr

ahead. The period n was the closest interval (greater than 4 hr) between forecaist

time and 06, 12, 18, or 00 GMT. In addition, 6-hr quantitative pr'ecv pitation fore-

casts (OPF) were prepared each hour for the 'next" full 6-hr period ending :it 0G,
--" 12, 18, or 00 GMT. Forecasts for two airfield locations were required for- e:ch

case; the specific locations were predicated on the availabilit," of POTS bulletins

containing model output statistics (MOS), 1F1M-II guidance, and 3-1) trajectory

forecasts that were made available to the forecasters for' guidance purposes.

Logan International Airport, Miass. (10S), being the closest candida te boation to

AFGI,, was a forecast location in each of the cases used in the test. The second

location varied among Bradley International Airport, Conn. (1)1.), Kennedy

International Airport, N.Y. (JFK), and Green Airport, R. I. (PVI)), depending on

factors related to the episode being tested.

"- : For windspeed and direction, a numerical or deterministic forecast wats pre-

o' pared. With each of the other, elements, both categorical or numerical forecasts

and probability forecasts were prepared. For total cloud amount, the catego",-

(clear, scattered, broken, or' over-cast) and the probability of occurrence of each
catego ry were required; for ceiling height, a specific height rategor i1nd proh-

abilities for' the categories listed in Table 1; and for' QPF, the 6-hr pree-ipitaitton

14
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amount (in inches) and the probabilities for the categories listed in Table 2. The

category breakdown for total cloud amount, ceiling height, and 6-hr (P." ,re

compatible with categories of MOS and related guidance.

Table 1. Ceiling Height Categories

Category 1 2 3 4

Height (100 ft) 0-1 2-4 5-9 10-29 30-74

Table 2. Six-hr QPF Categories

Category 1 2 3 4

QPF (in.) 0-0.24 0.25-0.49 0. 50-0.99 -1.00

The computer-based forecast entry and verification procedlure re'erred' to as

the ilXesoscale Forecast Facility (MIFF) is a "menu-driven interaictive sYsteni

designed to ingest individual forecasts into a data file through the use of fornratted

interrogation 'response messages via the McIDAS' keyboatrd alphanunieric CHT

terminal inter'ace. Figure 1 depicts a sample message in its interrogation formnit

(a) and response format (b). Each of the princi pal participants in the experinment

had reserved storage in MclDAS in which individual forecasts and verifica tion

statistics were accumulated.

The assessment forms completed aiter each case are shown in Appendlix 11.

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

4",' relative difficultv in preparing forecasts of each elem ent aind to tr, to is, lite th(e

reason(s) for the difficulties encountered. An aissessment form ,as (-ompletecd

for each of the forecast elements. The Product Usefulness A..ssessment w% usedt

to measure the relative value in terminal for'ecasting of the ,)I."(l ive rs p1 ,y fe. -

tures in McIDAS, especially the nevw ones created for this experiment. The fore-

casters were directed to judge the most and least useftul prolucts (for the ie

just completed) and give reasons why they were so rtle 1,

After each case, the nunmerical, ci tegoricll, nI'l proIb hiliny folcasts ee

verified ,'ithin the MFF, accunmulted st itistics ' ere summmized1 .init mIdle vav:il-

able to the forecasters for review. Ii ure 2 is i saaplc of* 1he rcuinul t

"" "'" '15
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iigurye 1. Fxam ipie of I\1Meu -Driven' Interactive
Procedure Used for Forecaist E~ntry Into Automated
Ve rificat ion Phase of 1FF71: (a) Interrogation For-
Mat aind (h) Response Format

t.

verificaition statistics compiled for eatch forecaister. Separalte staltistics were
t compuited for predictions verified for Logan (1P0S), which ace denoted PRMAAR,

for the other staition (denoted SECON[)ARY), and for the combined verification.

The error statistics calculated were: mean absolute error aind r'rse for numer-

-: ~cal aind categorical forecasts aind the p-score aind cumulative p-score and Ileidke

* oS

skill score vs persistence for probabilitY forecasts.

* .* The method of comparison for the study was persistence, measured directly

and in sample (unconditional) climatology form. Fhe Heidke skill score, which

measures the percent difference (improvement) of verification scores relative to

a set of 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 was used for the other forecast elements.
The equations for calculating the verification scores are described in Chisholm

et al. The persistence probability forecast was generated by (a) directly assign-

ing a probability of 1. 0 to the categor that pertained at forecast (initial) time and

a probability of 0. 0 to the categories that did not pertain aind (b using sample

climatology statistics. The latter was not deter-mined for QPF because of its

limited sample size. For total cloud amount, the unconditional 2-yr sample
climatology was clear- (0.05), scattered (0.a08), broken (0.07), and overcast

(0. 80). For eiling height it was category 1 (0. 02), 2 (0. 01), 3 (0. 11), 4 (0. 30)

5 (0. 26), and (0. 30), where the category numbers are those defined in Tale 1.
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Each c'limnatology is baised on the 240 obseiwit inns thait cornipr-i set tie( con lit toris

that existedl at forecatst (initia) timets for' the 20-episoitl Nit-V sarriple.

Although nOt usedl for- dir-ect coniparisonis in tite exper-imtri-it (dirt is, (ormipa ed

K bv roe:ins )f s-kill score), the Gene tabtel Ixponetit iA I b:, ho (MI-NI) tteclinique

- Lckis idiptfid to NtcltAS id( evAiteu on the- 20-caise saohl. te CHt tec(-Iiniqu-'

Is -I fri-1,rcierlil sttist ir'ail~~ti'r foreca, st irigf Iro(' trite reif-rt 1" I;-rltopedc

tihrougl 'he( pioneer-log r-s~rch of Miller.I. 2 Miller- define(s (>1K'M is -. sttstc1

t echniririm- fo r jIr-elir-tirig thew pr'ol. iri iit- itst rihbut I'mt o f ic iI srFi -(.e A. ether Itc -

mnerts hour hV hour . It uses ol ther cur-rent locil sur-f.c- kc ire--ott-lit ions is

pte irtors1.." tron I thle se pr IobailiIity1 ds tIbutios ite(gor-Ii-l rr.(- IIic-r1oris ire-~c

IIoIAcle( for'e1.1 c-tl surfaiCP the 'A either' i e errcnt . F ot its use itt tie. MI F-., tIIt- cGt.

tec(hniique A'S daptedl to tctt)AS to generazte 'A ,c-toul cover- ri-cilinu hijght

fo rem~inst for- Iroth for-cc.ist loct'tions,, A hich wtee -c\ci ihfel t. 1-, 2 -, -1-, in ';-ht

inter-vals roinui-Pent wkith MV-for-ec:is-ter' ver-ific itiins. We- ,I ipte-l rthe canti-

(c(om1put erc ver-sion of Gl1(7W to McIDtAS, -.vhi c-h tinfoct unitc l c-cul11 not he, e. 51il

aLitptehl to thell- vaiable nature (if our- ri-hr- t ecaist. For- 'li-i res-oni, )nl% the-,

1-, 2-, atnd 4-lit' 01(1W r-esultsw %ill be pr-esentled. Vigifu r e -3 iso in-Xioiple of a Gv:\I

forcccatst foc- I)Sciur- i ng one foreiast episodAe. Thir-ee, th inrgs to ust be recognizE-

r-egarding thce ipplirit ion cif lFKAt in thre NIFIK Fi ist , ot 7 is foun-lel on ai L- kov

- 4. ssumption (that is, tile future staite is c-oriplet clv le-t fr-ritle -I Ii>Y the- pr~esent state

- a nc is indepeidc-,rir of the--.'~i in khIicht the precsent state- h-s-I \'vc- lcip- . Se-c-o~n-,

it uses nultiv,;ir-i~ite lineatr refgr'ession erquit ions thi.t A-I-%--leeo[c--I fr-ori (-rontin-

uous observationail szirirplcs that sp:,inc-d a 10-vt' per-iod (1934-V9';f) it a riunihec-

of locations aid, ais such, :ire i-lint .notogic- illy% ri-I st~itisticiltvy soundl. '[hit-- I?

w-as atppliedl to ca:ses in the- \ttt thajt r-epr-esentc-I Iieie 'C thet :nt -lo riot.

ther-eforec, re flect the, rhc :ict e r ist i(-s of t her full s-i to plc fi-orni w h rch the 01. '.I

stti St I caI ope rLito0rIS 'A erI-I develo ped1. It A% 5s fc-lt, however-, that 01-Al's uriiv-c-s.t

atnd eaisy Li pplic(ibilir'.' mi L-Ic i' pr-opec- inIpporit to includle its peorma nce

in the qui~iti e -i ssessrcnt of' tire 7W 1:1.

Tot-er-Lst gaid~tirce infoycrc:' ion -r 'E frorii NM s I -f-N (17-0lS Pullertins)

'A~S :vrilahletcitheforcater.s in tcletvrpf' for-rn1 luIrng the 19812 for-c-m:ist c-xper-

-~~ iments aind .k as :ilb-irctvf'r'ori N Ict)AS during tile 198: fr-c-- t exper~i-

rnents. It incltuded thle MI( S fo ret-:,st s ( t-C hS 12). 'I.F - -I rida ice for-c:ist s

* 4 ~(PLS l0-o8 -rd 3-D) t caje(ctor'.fre~s (Vl iCHS705). F 'he NIC guidaince

4. ~~inforriit ion i-s r nges' ed Into Alc-IDAS vi - thew FAA \W11-804 ILt: i link, then 'leco-

and for-mattedl for- -ist i ntl :ri1lvsis. 'h gudi'c- infor nc:ition is, iv-iiI:,Hc to

the for-ec:ister-s in ai listing-ype for-cit nh~t c-:in h-ewc- on tie ilthoc-a-

Srnmii~l or' - h:ii-drop>-. M\lnv of the guidirii-c- pa c. m tout'cs ; in ice inI A\/(-I t

Re fe renres 2 flt Irough 3. 'All not he Iistc-I hercc-. Scc- Ie fet r-ru-s, p.),c- 39
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V - 4 .shown in Figures, 4 thr-ough G. The fovrest er's haive the opt ion of viwn or'

anal'.'-sis on the entireo scr-een (with thle thilitv of over litvinga anrother') or.'i afour.-

pzme anlyss dspl,.vng one parameter. over four. En 'c ast pelrindls or' [our

pir ranetetrs, wvhich is usefuvl in dete rorinimg guidazrwe suggestinog miovement Lind

intensity chainges. The yei r icat ion of M OS xva s limitedi to thep for-ecastos which

2.',2 -verified zit 06, 12, 18, or 00 GMT.
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iVN FORN aPS VRL 11200 anM FRa BPS V~t lilac

LFM FOR 12 PS VR 20000 IFS FOR 1 PS V111 210

Figure 4. LIFM Guidance (FOES 60-78). Sir'fsC
pressure analysis (0 PS) and ;-hourly forecssts
(6 PS, 12 PS, and 18 PS) from 1 1:s 'h 1918:.
12 GMT; units in mb deviation from 1000 mri

2.2 Test Sample

The weather episodes selected for, study in the 2 llPK w, ee 192 81-1982 '1A

1982-1983 winter-early spring storm events occurrinv over the \or'the:tst I. S.

To be considered as a forecast experiment, 's ctse must have I(t i hk% 'sil-

requirements. First, a 12- to 24-hr period of signitic.nit we,tit in tile for; >t ot

changing cloud cover, ceiling height or winis, anti or tie ,',s.urrenie of precip -

tation in southern New England was required to fully test the utility of '11i in ev -

active graphics system and forecast aids in pr'epusr-inp short-v nae ress',Sc.ie

forecasts. Second, a complete 24-hr dat a set, colsistil , )!f 'orverltti l iron rl)

surface observations, upper-air data, satellite ir gerv, ni.,nu:sliv iritize I r ,:;

(21DR), and operational computer' guidance was required. Ihis I.' pil fi tr t, v t,,

12 hr of data for pre-forecasting familiarization with the k :,' t irer 1itis' r, f irr

for forecasting and up to 12 hr for, verific:stion.

The 20 cases chosen for the 2IFEI were selectedI from mail Al ,-- th s.

had been archived. They comprised three gene.r:sl synoptis' s in, ,; mtsl:,esl !

cyclones, New England cold fronts, and east coast cvwoern...s. ,i irii "r1

significant weather chnges to New Englnd. UI'd1le 0 lst. is e. t'eae' St

times, forecast stations, and a brief synopti( description for . ' foresr ,sI Xp(r-

iment. It should be noted that Boston was the poi. F;sti-s. ,M- stirt"o t ill

20 experiments. The secondary st~tio] (PV), BI)I.. m JIKl ,.s ,'iosa- -s-at I-

ing to the completeness of thait st~iion's stlte1i1tl sits s-i its )s It' 1 i!!.
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Table 3. MEL Tes Catses (Brief Description)

Forecast rnehi
Experiment Forecaist Foec:ist

No. Date T e tat ions Forecaist Situaition

13 21; 82 14-197Z B05 3 F K (:old front moving
through New 1I.nglaul

2 4 2'; 82 19-00Z 13( S PVD I We.i k 1 jontA a m etov-
iin~l to'.k.il New FngLin1l

3 3 :31 82 0 107lo IM S PVI) I Approching pte-fmontAl
loud hand

*4 4 27 82 14-19/. B05 JFK Coldl front moving
through N(,%- lngLin'l

.7 3 11 82 18-23Z POS PVD Approching pre-frontil
I ~cloud baind

12 15 81 18 -237 131) FK ziapily deepeninE!
cycelone a pproztrhing
Ne%% l~ngl~and-

712 '1 81 17-227 BOS J FK Wairm frontal wave aip-
proaching New. Log land

- .8 3 4 82 17-22Z 7 1S PVD Cold front atpproaching
Newv England

* -912 '22 81 0(;-117 130S BDI. Overrunning precipi-
tit ion

*-10 4 G 82 04-09Z F305 P1)1. Explosive coastafl
cyclogenesis

-- 11 10 25 82 15-20Z BOS'PVD Occluded cyclone south
of New E-nglajnd

12 11' ' ) 82 15-207 B05 'PVD Cold front moving
thcough New England

13 11 /13 ' 82 0 G- 117 BOS'JFK Approaching cold front
and frontal waive

14 1 ' 1.- 8 3 12-177 B05 'JFK Major coastail sno\% storml

15 2 :3 83 14-19Z 1305 BS1D I, Mlidwest cyclone inda p-
proaching cold fcont

16G 2 'l ' 83 16G-21 Z 130S /PDL Coastal cyclogenesis

17 1 15 '83 23 -047, 130S/I3DL- Aidw est cycl(-one

18 2 '"23 83 16-217 13057 'PV D Cold front aipproaching
New lFngLand

19 3 /2 '83 13-197 BOS/PVD Lar-ge oceain st orm,
significuot raiinfll

20 3 '21 83 1.5 -2 0Z FOS DDL Weaik frontal a aive ,p-
proaching Nea, Lngaltnd
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F H FORECAST EXPERIMENT (SOS):
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FH FORECAST ExPERIMENT (SECONDARY):
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FORECAST EXPERIMENT (ALTERNATE)
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4H Figure 10. Twenty-four Hourly Observations for Secondary Station (BDL, JFK, or

MI-T PVD) for the Ten 1982 Cases of the 1lesosrale Forecast E,:xperiment; Hours 6 to 11

'Iepresent .nrecast Times. CCe, CCH ceiling height (hundreds of feet,: ", J OF WX'

0A-.1 N1, unlimite, OBS obscured), QP- r-hr precipitation amount in inches,

and WX - We:ather svnmbols (windflags in knots)
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3. NIFE 1982-83 TEST RESULTS

The :iiiijor aspects of the AIFF I-: eailt A ith (1) ain eva luit ion of the UsefUlniess

of cc r-tain display, products, (2) anr assessinecnt of thle relrttive difficult.% in fore -

casting cer-tain weather elements aind thle pronlucts 5and/or dit a sotirces tl'at i% erte

found to be use ful to those fo rec;r st s, ind (3) ii stattist iraI evauation of forecatst c

pe rf o rmnanc e. The results of these- Aspect s ire presented in Sect ions :1. 1, :1. 2,Sand 3. :3. 1-esper-t ivelvy. The re any, ajppeari to he a cer-tain amount of overip in the

discussions presented in Sctlions 31. 1 ridl 3. 2. 11vneces sir v, hon% ever, the results

of the fo recast di ffirultv a ssessm ent ;itre p redlirated on the tva lhilit v and ut ilityv

of pa rticulair products in r-ega rd to thle p rotlemi of frcsigs percific wkeather

elements.

3.1 Product Assessmnent

In the course of the 1982-1983 :M-1: tests, the participating forecasters werf-

4.encouraged to use, to their- fullest atdv~rnt~ige, mvn atnd ill of The data sources,

display products, and atnalysis forecaist techniques ava~iLable witlhin McIDIAS in the

pr-eparation of their- forecasts. In thait regard tilex- w ere specificatlly inst ructed to

use each of the new techniques at leaist once during each test eprsodle. In so doinrg

it was felt that a r-easonable and fir aissessment of these a~spects of McI lAS .woruldl

be aiccomplished.

Table 4 lists certain aispects. of the assessment p-oc-ess for prfA~w)';vr s hat

wer-e used frequently. The ''product key -in'' refers to the keyho; rfl instruct ion

that activates the generaition of ai discrete product on Mcll)AS. Those products

listed in Tale 4 w ithout a~n asterisk ar-e pirrt of the previousl 'y existing McrIlAS

suite of available r~outines. Their pr-iia rv Function is listedl belon

IA -Geographic (mnap) plot of weat her va riable(s) on the(- color roonit or;

used with either- surface or- upp- -ir dat :i; can i orlule( one. to four

panels per screen; rain be plotted over sit ellite im;iqy*r%

ZI -Decoded listing of surfatce ohservaitions on alIphnuri ic te-rinal

(for example, bY slttions in a, statOe for ai specific t ione or :, ti rite set ti-s

for ai specific st a ion) N
%ZK - Surface aina vsis usirna one-pajss C esr nr riiu-'n color, jionit or-;

%*idea for, bro- nviu. tic-k-lookasc-Smt

.\f' Contoured gc-ogr;'phir-.avi of i-inu llx-diQgi/e'I 1--r (MI)on

color monirto r; ipi eiin Ie-pen le-nt l or in -orriun' tion ait h ronc tie nt

-tellite nirri:-t n- or stir-fr!- 01-A -tin

-P Am~p plot frr'r hl-n'- ptriticrrrrrI
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Table 4. MeIDAS Product Assessment Summary

deneration
Time on UefulnessProduct McIDAS No. of Us

Key In (see) Uses Most Least

IA 30 681 4 G 0

ZI 3 657 0 0

ZK 40 286 0 0

I H* 45 270 2 18

ZP 5 2 6 G 0 0

1:NT FT 8 26G0 5 0

IKZ:' 70 213 10 6;

PF.< 5 121 3 

F1 3 117 4 0

13 S~ 5 109 0 19

:3 5 85 23 1

S('C 20,2 79 8 3

KY 25 5:3 0 0

F K G "l 25 51 2 2

F K .MOS,' ,  2:5 0 0

FK II3A ' ~ 2521

I: 18 48 0 2

G" 20 4:3 4 8

AC 5 14 0 0

IT P, GO 11 2 17

TS 75 9 0 13

F0 -S- 0 4

ne'.t pioducts tIl;tt Werc I e ftioCr av:ilzle r 1982 (.xperiment ; s;;ef Se?.ion 3. 1

tor det tiled discussion of product Funcl toi.

*new produlcts tl:,t we!' oterif ,viilile for 19ror I xpNN petlclv- 5(' Sectioll :3. 1

for dier:ilel discussion of protluctl runeftion.
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ENT/ET - GOES IR imagery color enhancement based on defined tempera-

ture thresholds (in the case of ET, the user defines the threshold)

KZ - Surface analysis using five-pass Barnes technique on color- monitor; -

retains more mesoscale detail

PF - 2-D trajectory forecast model based on analyzed rawinsonde observa-

tions

Fl - Decoded display of FOUS bulletins (IMOS, LF\I Guidance, and 3- 1)

trajectories) on alphanumeric terminal

BS - Listing of the GEM technique's forecast displayed on the alphanumeric

terminal or the printer (hardcopy)

FK GUI - Analysis of several LFl\I guidance forecast (FOUS 60-78) par':m -

eters on color monitor (parameters: 700-mib vertical velocit• i

relative humidity, lifted index, 1000-500 mb thickness, boundairy-

laver streamlines, boundary layer windspeed, boundairy hayer

temperature, sea-level pe'essure, G-hr precipitation imount)

FK MOS - Analysis of several MOS forecast (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 several 3-D trajectory forecasts (FOUS 50-57) on %

color monitor (parameters: temperature and dewpoint temperature

at 700 rob, 850 mb or surface; K-index)

FA - Plot of trajectory forecast on color monitor, indicating origin, 6-hourly

position and rising or, sinking motion along the path for' a pa rcel

terminating at a station at the surface, 850 or' 700 mb

MS - Station model time series display on color monitor,; depicts surf;ce

observations for up to six stations for" up to f; hr

CC - Algorithms to estimate cloud cover and 1-hr precipitation :imount from

GOES visible and IR imagery displayed on ,alphanumeric term in:lI

KY - Upper-air analysis (constant pressure surface) using a two-pass Barnes

technique on color monitor'

GT - Individual variables line or bar graph time series !isplay on color,

monitor

ZC - Contours a previously analyzed and stored grid array and displays it

on the color monitor

TP - Log p-skew T display of rawinsonde observations on color monitor

TS - Surface analysis using five-pass Barnes technique on color monitor.

Uses a time-space weight function in which I- and 2-hr old observat ons

are radvected downstream and included in the analysis

30
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IC'S - ?lent.-di'ixeti to tee List dec is ion ~i ssist ance itoci'(lttes using the ilph,

nuineri t'tn ina1

-. ". (~~~he sei'ond roltin indii'Lit(' the aippt'Oximtttrf \t'ill"'iOi'k" time (iiiscns

e: it tik('5 'Ilcll):S to cgenerate a pr-oduct [t-or the time the ''key-in' mitioti is rec-

quest cd to \\' lIeII('h pr-oduct is full>' displayed. Since Mel l)AS' glr' Thu's levice

is cons ierlyslower, t han stnlt e -of-the -a r't de(vices ind its U'Pt is i 24-hit

tmachitie .%ithout ha 1t'dware 1r'nul1tiplv-divide c ipabilitv, one' itto pi't'stim sulistrmiI-

ill-, shlot-tet' g~etertion time e,,i be wihie'ved. In ( ich ea se these tutnes, reflect

the( ctea t ion of pr-oducts onl the local scale typicaly USe'( in tins expeo'ritrent (that?

i.s. AS getieV t'll it (.11- hx'cIDlAS state i nd city I uspliys). 'lhe geirtat ion of it mioni

(it' 'egi otuil (rfo t. 'xaimpe, caisteirn V'S) rn~i ps genetiAl'y iti tses tihe tlimtes' iii -

i'att'd I).' ai factor' of 3 ot' 4. (Jbviousl,'', none of these r'outinecs ire, Veix' time ,oti-

suMrni iM that tMost Lit'f- Pecuted in well under' G0 sec.

[lie ne,'%* t'otitines, ttLl bred to itic teaise the depict ion of toe soscae inform Lit ion,

dlo tiot t'c'suit in subst anti il intc t-eLses in w il-('lock ti me. 'The IKZ ittvijs takes

310 sec lorige 't. i Ti thte /.K araTh s.''is itct~er'esults FVorn goitng to A five -

pascs p t'i'tdulf re iht t'-cox'e 's Li L4 r'ge por-t in of' the n'esoscie a t'tc ii I suppi'essed

in tIli' one -p Li5 tec hnique . Neither' of' th Itt i iltted plot rout incs (MS Lin'I Gil) Li t'e

tme c'otsurmitg (35 in'! 20 see, r-espectively)O. I ten the mul0ti -step pr~ocedlure of

t'etipptiLur, it il/.ving, Lint! cispliLving MI)I{ dta (MIR key-in) taikes less than :

minute while the ipplicaition of the for~ecaist guidance technique based on 2-D

t'-tie('tot'ies (P11 aoml sitellite Llgorithtvrs (['Of? has 'i combined wall-clock rime

of 231 se-c. Note t hat key -ins that use the blac k aind white ;ilph~rnumie rue te t'r'tinil

(ZI. P1', ZP. andl I) requir-e 5 sec or' less wall-clock time.

'Ihe " Number 'if I ses'' colunin r'eve~is the extent to which erich key,-in wi5

invoke, I byv the for-ecaisters lur-ing the 20-episode test petiod. The overwhelming

popul trityv of the key-in IA, in'licaites its Lil-Ltound use both early in the forecaist

'ppr'or'essw -hen Iliruge mnounts of 'iritzi Lite digestedl to gzrin an overal understarnding

of the evolvritg synoptic situaition, rind Lirtec, in the focecast pr~ocess when the fore-
-*e 'p csters coniw'ttrite'l on the niesoscaile rispects thait wouldi result in hour-to-hour'

weterrhainges. The IA keyv-in was used earlyv in the fot-ecast process in con-

junction w ith the Zl ;itt' ZN key-ins (second rind third most used, respectively).

T,.o typicA four-painel 'lispLrrys used by the forcister-s dur-ing this ronesos noptic

Ic t'~ning ptrocess ir-e shown in Figur-es 11 aind 12.
Irv, F-iyure 11 is Li fout-panel dfisplay of the weaithe r situattion that existed A

1200 G.li', 15 J~inu~ir'v 1983. It shows (A surfice pressure Linallysis with over-

laved w in'! flag~s, (h) ceiling height plot, (c) cloud amount plot, Lind (d) an MIDI?

% -e i ~ntI.%.;i s 'Aith over-lrived wezithec symnbols. Due to the poor' t esolution of the hacwd-

1 ~~copy philtethis figur-e is~ showvn her-e ;is four- seprrr~rte figur~es rilth'iugh it

A: 1

Lon.-v
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77
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(b ) r re litx

Figure 11. Four-panel Analysis of General Weather
Situation (Regional): (a) Pressure (mob Deviation
from 1000 mob) and Surfare Windflags, (b) Ceiling~Heights (Hundreds of Feet), (r) Layered Cloud Amount
Categories (From the Lef't; Low. Mliddle, and High
Cloud Amount; 0-Clear, 1-Scattered, 2-Broken, and

* 3-Overcast), and (d) MDR Analysis With Plotted
Weather Symbols
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SVC: PRE 151600V PEI o

Fl u re 12. ou-RneIu fi Pie ssureo An: lvs it 2-hr.
rite crs (orb IDevi~ition Fromr 1000 mib)

"N oul be vi (-e1r bv Ihle forecri Ste r's 5i s four -Rife 1 ibs p1 iv dro one sc r-en. Fig-

' ~~u re 12 is It four -pi nel riispL;.v of tire su irf~ie pie ssur ic A: vsi s everyv 2 hr. begin-

ning it 1200 (Pd 'I'. The se plots ninise wold he iispLiycA on Ofegion: Iil ni. p

bar kgrounds (slit e). The firist four -painel :Iis pL1.i ( Figure 11), : coil p11shes bet(

taisk i)f rimiliirizzation with the curreni situsition, :intl the s;econd (lFigure 12, w ich

could just isw vell ihave been i dis play of \1 Dk or ceiling heigiht plots everiv 2 fir)

-. informs the forecaister of the movement :i ncl it ensit-v c binges, in Ii ie systen! over

the p~ist severA, hours. The 7.1 key-in wa s used to view severA 1hiour iS of obse iv

tions nit a1 pirticular station or, to view daita in ni p:irtiiulair legritr it one ihseiv<-

tron time.

In the Lite~r stziaes4 of the fo rec I st process, tile fo icc: ste rs I en'rI' to us IIIe

IA innl KZ (seventhl nrrst -used) keyv-ins i ;i iresosin(,ile lrrap lroki'iruir1 (citr ) to

zootm itt on the mesosr:ile :ispec(ts, of tile forecas't situnition. rit ,~n outr-

pirtel isisof severall foiec~ist p:Ivi rnet (Its (.i i'otrrimiiin of i\'s or I N/'sg) or

Oc p.r met er, over t he p:ist 4 to 8I hrt vs us-e I to v ic '11 foiccrl-it' i 111n(IetSI

once or to follo.. the mioveniient or r niensi t, chiruynges of : irlw i t I ,! inrVi t i(

over the pzl st seve ml hours.
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ZP. the fifth mnost -used key -in. w as cailedI upon mosi ottiie :-pi.'

analysis was displayed on the color video mjonit or'.11. fo Iec It IrVt

quick-look' (5-sec gene rat ion time onl thle Alph'torme ric vI I(e s'reti C.VC!-t'

specific point of interest without having to c lutle r e ri e thil-lrtniin'

06Typical ZP displays wer'e 3-hr pressure chi!nies. G-hr pr'e'npil.'r1t)rr~nrr

numricnal plot of w indnipeed mn~l dlirection, in1 ceilii rin I tc' tlher -;i' til ii p1 o

In the middle and later- stages of ire( torec-i st pr 1ss 11efci' ItC' s

the tailored prodlucts (MR, KZ, MIS, Gi') anrd vairious Luui ie' pro) it'rH (1,1 1.,-

GTUI, PF, CC, etc. ), to focus on specific- is pcctsn of the( pl re eirtI' ', &te

and to consult vuidance for the lnie r ratnge for e&'

LFIN products (Fl, FK Gui, FR M( )S, VK 'I' A, :in I FA) .inli (;1 .\I tve'

available as forecaister guidaince oil McI D.S tor tile 19 13 1 oit r's 'i:~ c

found the listings of tire 1,1TMl gurd~rve fotrecaist (WS iW-71. )I i )S4 (I' At>2

out put to be vailuaible guid~ince for til hc or.e r forr'('('r st inrtet "., Is (4 -il Ir !I rt).

Analyses of L FM output wkere uisedI rimirrr'iiv- Itlihoill tir l r )I it ' )5 ~'r&-I
times good as gruidaince for' stornr A(eveloprrernt, nrvtntr iI po: jio Ar- Im I h.

* .later fo recast period,;. The relattivelvy Il-vr'e 11111111)e r of uses f'or tire (dl'1' I ~tl 1 .1

(BS) must he tempered bx' the fact nra! t ire fot ecsi. cool-lu le 1 tir,1 1,~''"

useful infor-mation in raipidly chanig situarions of tire type irl. A itll~'eti'2-

The limited use of orther, t a ilore'! p 'oloct s ('I'P*S, l F'S) i -'it rine' I to

several different faictors. The f'Oti rre to 1rpi o2 p-ske.: T soulltit-~ of

radliosondes (TP) -as Found to he of 1 Mit el vale in Si)r' tg rresos'' ii Fr .''r

casting because of ai Lack of timeliness (;otinu-s' !,ikorn wtil' everly 12 hri) in I p)oor'

horizontal rep resenta t iveness. Th time -Spic surfioe ti'ist echnrique ('F11

hich uses a fo rec:iste i-chosen motion vecto to 'iEc: rfron tre p re vonr

analyses. Forecasters used it tmostly for ccoiling ill'S wiricit. 'o to its- lus-

continuous nat r'e sp~it iAlv, vielde-l irri lvses th~ Ita il f~fOrec.ste rs COUld itIelit I

confidence in. The cold front dleciriont :issitIlce Procedure, Vt'S", r\ as Uerlie''1.

Judged to be too tirme conrsur'ing for- rite fo r'ci ste s w%110 wecre 11i qoit e f tiii i

with Mci DAS' s interaictive c.ibi lit ies . liec al howevyer, li'thi ittg - r'itlEc

MRintent of developing such pr'ociures's for use irlrciril forecastr ,t !le,, 'o

particuLr regiorn or- to using ar to re 'cive sy'st ert.

The use of GOES imageriv (visible anti IM RI was extensiv-e ilt-r)tghout tire torte-

c~r sr expe rinments, eis peciallly for- storrmsn developirng Old kl~i op tire C" Ist co st

%-,,here a large port ion of the developirlg aind :(ivect irg %, ca tir %N- ow 00 O ite
%i' atec, where conventional dtacove ra ie w 'is s.p. 'sc Ci itest liii" r' r\ertriotra I

GOE~S imaget ,ivisplaiv options, w hich inc lole :tniLirttiort 0r're sec ries loolline).

chainnel switching (tlertitiing visible aind Iii inilg:cs ton ev''e riou I I i.7'et'itl),

0.color enhancenlenr of br'ightness'itt'i Ill risae tiove-ri 'k'rliL2 ctI'tt t!r
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malies and Lit:r plots, were used extensively. This cap:tbility is judged to he

'entriA to effective short-1-lange terminAl forec asting. The only' aspect of satellite

inlage 'y the fotecalstecs were specific ,lly asked to :assess w. aa procedure for

enhancing the IR imzaes (WNT YT) according to temperature. The INT iIT key-

ins (sixth most used) were found to be useful to study the movenent aind develop-

ment of we:rther systems, particularly in traicking the evolution of substantial

precipitation treas within the stor'm system as identified by cloud top tempera-

uires below :t specific value(s).

The info rmation presented in Table 4 under, the heading "Usefulness" sum-

m6rtrized the concensus a ssessment of the forecasters on the relat ive usefulness
in tera in:tl forecasting of the products and datai source s ivil:tble to theta. [he

numbers shown reflect the total number of times a participating fotreca ster judged

ai product most (or least) useful. (See first page of Product Usefulness Assess-

ment in Appendix 13 for form completed. ) There were up to six forecasters par-

ticipating in each of the 20 test episodes, thus there was the potential of 120

% responses in each category (most and least). In fact, i totail of 110 assessments

were completed because several episodes involved less than six forecaisters.

The IA data plot was found to be the most useful product evaluated (Table 4).

Most often used as a four-panel displaiy, the IA key-in was used extensively in

both the early learning stages of the forecast process and the liter st;tges when

the forecasters were most interested in timing anl accuracy. Forecaisters found

the IA key:-in so useful because a large arnount of data could be presented quickly

in a four-panel display showing four" different var-iables at one observ'ation tirne

or- one vairiable every 1 or 2 hr to track the movement or intensity ch:inges of

various fields. The IA key-in was also used regularly in overlaying surface

observations upon satellite imagery.

The MS (station model time series plot, Figure 13) was found to be the second

most Useful product. The usefulness or value of the NIS routine wats aIrrived at

despite the fact that many other products were used in the experiments to ; much

greater extent (Table 5). This illustrates the potential v:rlue of ha ving routines

available that allow the forecaster to tailor displays to the specifics of the we:lther

situation he or she is dealing with. The display exhibited several qualities found

useful by the forecasters. The fi "st is the ability- (and ease) to specif.N the staitions

to be included in the cross-section and to tailor it to the episole under considera-

tion. The second is that it provides a wealth of ha sic information central to the

termin;tl fo recast problem in a format that permitted extensive subjective inter-

prettlion to traick one or more elements and define its spaitial extent. Forecasters

found it most useful for the 1- to 4-hr forecast interval of the t\pe required in

Kise %(e ither stations in support of aicriaft a rriv:ls in-I lc 1 :ire:, requirements,

and in tr:i king wind shift lines (fronts) and the le;ading or trailing edge of

3;
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Figure 13, Station-Model Time -Stie Displa\ Foi 26 Makrch 1982

T*ibl1 5. As essment of Prelucts mAn Datai Sources as ai Function of Forecast

Were McIDAS Was The

Forecast

Paramoeter Ye No Yes No Yes No Yes No Ye s N o

Ceiling 1;7 45~ 24 74 92 19 53 45 22 71

Q Py 104 7 0; :30 5 G 52 75 26 28 59

Cloud 109 0 ) 22 79 77 31 513 41 24 64
%Am ount

Wi n d 10 99 0 98 107 4 G67 30 1 87
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%'T. Figure 15. Exmlple of 2-D Trajectory
Forecast Guidance Model; lourlv tlain-
fall and Cloud Cover Forecasts for 13GS
Based on 1200 GMT 700-mob Traijec, )-v
(Figure 14) and 1(;00 GMT GOES Visible
and I1I Imagery

The products found to be lea st useful '.rc, beginning % ith the le:at use ftil,

GEM (BS key-in), 11DR (AIR key-in), log p-skew r (IVP), ;and the time-sp we

*analysis technique (TS). Forecasters found G -Ml didI not dep;irt suffir.ientl\v from

persistence, even in active wether regimes. Not surprisingl y, it is not at-lept a1Eu forecasting the onset or the end of precipit:tion. A. typical example of G 1's

inability to depart from persistence sufficiently to simulate the observed we-ather

associated with an approaching or departing storm is shown in Figure I.;. Fig-

ure 16(a) shows that as worsening weather approaches, G I-'s ceiling fo irc;,at

follows persistence in the I and 2 hi- forecaists, then lowers the ceiling somewhat

(to 3000 t), not nely enough to account for tie very low ceilings (hazardous to

aviation) that were observed in the rG-hr forecast period (400 ft). With improving

conditions Figure 1G(b) Gl-'.i forecast persistently low ceilings when the ceiling

was observedI to imvnprove dr1-a) ma t icall>-. Gl-:I~i actuAly dec rca sel the ceiling in

the 4- and ti-hr forecast periods when no ceiling was observed. As can be seen

from Figure 11, GI-i for-ecasts were quite poor in predicting the onset and end

of pr-er ipita t ion. In genera, GMdidI not forei-ast pr-cipit a tion until it hadr be -

. gun. The value of its wind guidance is diminished by broaidly defined wind diicc-

tion and speed categories.

The negative assessment of Mll's usefulness (in the proluct issessotent) is

the result of its inconsistent Dvuilabilit;. Diring sever;rI episodes, ;a precipi-

tation approached the forecast staitions, key Mit st;ttions li1 not report until the

% .. . precipitation begin. This resulted in erratic and unrerilistic 1n.,A1scs II t ser-

iously diminished the a;ilityv to forecast the movenent and inten.ily of ppro ch-

ing precipitation ;areas. In tire episodes with reliable ,nid raintinuoua 211)18 iI

the MH key- -in was used frequent ly ml was found to provi le o -I qU,, lit Ve

information for- the QPF :mn ceiling height forrec.sts. ()n the oilier h:n-I, ie

WV- ,(', results sho-tn in Table 5 (discussed in the next section) inrlii-It ii .t \I 1I ,,

'*4:- 39
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was useful in the QPF forecast 70 percent of the time. This suggests that Ailthou1Lgh

NIDR data availability is often a problem, valuable information on precipit atron

coverage, movement, or intensity can be attained from TUDI inalyses during aIn

episode.

WORSENING CONDITIONS (tt FEBRUjARY 983, B05)

5000 - OBSERvATiONS

4000-AE

3000 R

2000 S- s-S-\ B

1000 -- FS
R-S-F S-F1 -S-F 8-S-p ,R-F S--.s

0 12 46 41 4 0 2 6 2 246 012 46
(a) 13Z r4Z 5Z 67 177

IMPROVING CONDITIONS 16 FEBRUARY 1983, HOS)

-U NL -/ 1

3000- ~OBSERVA 1

S-RR- G- 4E M
200 S~'R AW 88

0001- U W 5- R- R- RW

S S S"-R- R- 'RW. S- R- R- RW.

0 I 2 46 0 12 46 I 246 '01246 E 01 2 461
(b) 19Z 20Z 21Z 227 2 32

-Figure 16. Example of GEM Ceiling Height aind We~tie r Forecaists vs (Os er,-

vations for 15 February 1983 for EQS

3.2 Forecast Difficultv Assessment

The second aspect of the forecaister Assessment of the \lKdeailt w ith the

terminal forecasts themselves. The forecaists thait were prepared included wijnd-

speed and direction, totail cloud cover. ceiling heighft. ind Gtir QPF for intervails

of 1, 2, 4, and n hir (10 hr or less based on criteriai cited in Section 2. 1). These

elements and intervals were selected to represent the prima clv forecasI.t responlsl-

bi litv in base weather stat ion support to aiircraift taikeoff landings andi local irec

missions. After each case, eaich forecaster completedi a MesoscaLe~ Fr-ec is,

Variable Assessment form (shown in Appendlix 11), for eacrh of the four airjibles.
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" le c 3 pi:st -r's . 'he I,' Clr- t I tie I t' S riiele I\-c->tIe1 nt

fCct)its slrgf' :,ri qtlrl:1':ixt I\ lx Ait I: pro tlwl s v:iilIIIle to Ithe o:ec:s ters or

McI I):\S A.,e,'i o ns ( n I t I) ueful. I - t 5ofl1 . inte resting resuits (' on'tiin-

inp the usefulnes ,r v '0 "w t.- '. it tach tore(s elemen ernsi lcre.

Detvils on thei;- usefultrss .ill I)' p!-c-sc nO' I it , in tip s ection, hut -one.lf The'

(1) S:,ellite 1i.a is shown io I- riost useful for the QPI and cloud amount

f~oci',qt5. A. liih p ):'irIp us-tul in: t:m ti to n-e often lhan not for- the ceiling

hEid' t 'o!e ,s4 . It s ' rcasion]] useful for .%ind foiecsts through the tillo

or tr-nv.l .,. inlis s l1t.1 :n I ih(-oivt ieltt 01 0olsthi developmems and

tttt-tt ' 5 ,) i, l ( . ir .-tis ec1 :n, Ij-ect ion chniges,

(2) 5I\-nt.ll\ ti iz::ze i Jar is shown to lt' useful :,bout 70 percen of lhe

1in ' , (- QPt fort-. t ,t 1 5 pe -itnt of the time for ceiling height forecasts.

Sh'IIIS plot 1n- i1t I I-is routines (IA, /1 , K Z) we re found to be use ful more

ofr,n , tn nor - ,I th forecaist pl ncte's il. e be-ing useful ne: rly :l'..'-s for

ilh .%'.A iti id (- li height o(Icosts.

(H ) G uiJ: Inur' fo .'" st s (I FM guid:nce, A] OS, t r:jecto I., and G IAl fo re a sts)

• ..r(. useful fir ' :,ll f or- c- ast ptiitmettet's more of' 1en th;n not while being most

i-es u l fo! t1e ()I.I t-i '. ind forec st , and

(4) TIi 2-I) r:uJec It o rx model (PE) s;howed limited use for all forecast pcirim-

er ,rs mni eciett sc' it depends on rawitosonde winds, which lose value as one

dep.urts from 00 12 GA1I'.

Ti tle G pr-eseni,;s itaistics on the forecast difficulty assessment. Sixty-one

or the 111 responlents judged ceiling height forecasting most difficult, 27 judged

(;-hr Q P" most difficult, 14 judged windspeed and direction most difficult while

cloud imouTnt A. -S judged to be most difficult by nine respondents. Conversely,

64 of i1l respondents Judged total cloud amount the easiest of the four parameters

to fore, ,.st, :30 utged ri-hr QPF easiest, 17 judged windspeed and direction, and

,-.-no one Judged ceiling height easiest of the four variables to forecast. Thus, for'

this set of 20 winter-e:,rly- spring weather episodes, the forecasters determined

lie r;nking of th- fore'tast p;arameters to be. from most difficult to easiest:

(1) ceiling heigh:, (2) fi-lhr QPF, (3) '. indspeed and direction, and (4) total

o ud imount (',ible 7).

In err' h r--se the forec:sters were also asked to indicrte the forerast intervrl

tevon I Awhich rhey hd little confidence in their forecasts. 1or ceiling height that

interv-il -iverige I 2. 4 hr (for' the 20 experiiments) rzinaing from 0 to G hr. For

CP-it'' OP it :,ve; aeA 5. 2 h. anod ranged from 0 to 18 hr. For winispeed and

tire.-ion it :vet a pr-I 4. 3 hr atnd rin2ed from 1 to 12 hr. For total cloud amount

it ivera ged ;. 4 hr and varied from 1 to if; hr. These results confirm the ranking

)f ceiling height s the most difficult p:r. meter to forecast aind total cloud aimount
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C* '5 I t 4.lte'Fr[ -..- 'oItiut so---

W I n(1 2

-- or 97 2 34 32 30

Cloud A-\m-unt 9 - 10 f; i4 .4

e eisies,. The some.': ba con.radJic'or-v oconideuce nr. ' 'a'-n r Q RI

(consi ler-ing its ranking :IFs second morst difficult) Is -t t'esult ofl i,rei -ti-er

1-ilit>- in ''ne episodes re g< cling rhe dlir - int pie o ing th( pi rec-ipit at lo f-ee -

*~F 1 r [hs is Also evidlent in the (list ributiotn show. !I In Taible 6, ';he reC 'he for'--

r. (Iic 'E') I iE eSfor th I-hoI! QRF 1 for'e c;sr . wCl dis1r-11bUt ei ft-a mo,1)St liffiuIr

to le,!sr difficult.

'The difficult v in mccuvtate lv forecasting_ c-loud ceiling heig~hts Ft at'rfields his

nc-en recognized fr a number of year's. '[he inhe rent Witt iltvof sztorm s\'stetn,

* lo-.t~Ic,, clouds (in Space and t itme). thi sestiit ca factotrs (tenra:in, wre

bodies, etc. ),he lim its, in our abilitvx to obserive aind i'eport Onl their character -

inics,~ d the limits in out' understanding or the nomiplex phyvsics byxhtch the-'

'volve. Aol serve to diminish the extent to which cloud ceiling c~in he foreca.st.

Sin rt -vrange teininal fo recasting is especia llv dependent on the observation>l

$'om ttotent a nd it .v as dleficieticies in that component thait creo ted the nmost difficult-x

5 to nr -he' 10 n--,st ens. While half-hou clv G OES saitellite iimLFge v\' sulbstantially in -

''eases observationail dkiti on storm system evolution, it provides only inferential

on ceiling conditions alt best. Severjl of t.he episodes occurre-d a'l ight w hen

ony 1 ittiger tv F. s ivliitthlde therebyv liitifng the extent to which forecaisters

* . roliH ri-v to dleduce lower -lotud condlitions through ait integraited evluation 01

v, rsiblc _n~l irnfra red_ im.F getv. On moirre thain -ne occa sion .0,1 strtatus ceilings

-4dvec'e-l into the forecs-t loc, rions from the ocean aireas to, the itst and south

unic Fe rn middle rind or lhigh c loud shield thait precluded the letfcrion of the. staztus

in the (,()I'S itn.Lige rv . Tw~o -othe lin ight tirne obsert'ion sun or lis11 comnplicaltedj

he~.l e vifficult f cs'problem. lTi st cC ot:i suF iner~t

ion-s ipen-tE -) Ln~~'~F~I-aillv scheriule .n 'A hich oper itions-i!E' cur-riled zit

nigh' ~ ~ ~ ~ ~ LS) <o xel' it uc'toC 53 ec o)n . soti ozc r'es to detect
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tid-or report i-hinges in) clcoud t-on1(it ons inl mml irrcrlie r1:1t 1s fli-

Sunrise speclil' obse- -rvt ionit %is not uncotmrinon) i heren- :,,fing io 1t)if

to thle na'turally Tirheillie Andl sp-e -r ter of lowk i-1t Ii tihose kim-Is

* weather svstemi.

T V:.le 5 1nii- c-Thi tI t i~cll)AS )1)!t Iu n: l sis vowrInIs( f- spe'ril' I i , I I

of ceiling4 heightv in I xxrhr hr-oujl. tie IA ke.-i-;r il !I,(- bar Ly gi p1 lirsul v

clourd ohservaitions Thr ough filbe G F kr-i, A f-'re niosi u--m )ver- ill tii iiilm

forecasts. The fu-pn-I iine se.rics flisplix- of, ennu"I~ kn(ight OA LW,11-;) ,

*.plo*) w ts r'elic I on e-il inl le Ie-r-riIng L cIling heir-It I it-ri Is l I-a Is - -tm-

for cing thle extent to .% L-Ih -lou I f Ields <' v.Ie r re-g 1rl I tlvI hs titI . I- 12 -

in flaitter problrln fo-ts. S~t 11ite ito uet-% in-fuLI 1-juIt J)C pi(.1- 'i

rime for ceilingl hieighft foe~ss II~c, ) T) pri'lc-l di1lubr nf-ni

moivement of c-lair- w(-s -inkli- lhead-ing1j n I i-iin -lts f'ou 11 i

S-ite-lile irrgerv .-V-- pni uLb- 1, usefm! In pie"iiiiitur--(tii c ii n-

lhv lowv str raus Iv-tin inlind fr-orn ove-v i-ocan It i[s SIVS gI iin-

vi de-d u s ef17ul I n f orm I io on I( I hi- Eon cit -im i -eu1,,n g c-or c)1,1rior -s it, c I e

The 1- oreto vmiodel (P1 kely -il) c-c-- ionallv provide- us-e ful i nfoi-- tnI: 1 -1

Irend of ceiling hec-ighi s. Short( romngs in the t cal eat or-; niotle] .A ere- 'iri-ti' I-

A - ~~~evolving wind1 fielt-is dIitniniskiing the( rm-s-ii ;me-sOf 11 l t rjcr1oric-s

- er-r-ain-relaie '1i-lod frireitns Ili it xe-i- not tr-;nsl-'- I -ej cre-v Inform-cti Ion

- on the ceiling_ C-oul1 sorimetimeties he- in fe i-ied fr-or i AID1 I liIit±. In sunm ii -v The-n.

*the for-coasters usc-I Tire 1A vie-sose :c plot (c-it '- in p r- kg i-oin l), G"F 1 ? g-f ip1,

and satellite iaivl for The I1- lo- 4-fir forec sr s Ar-IA (tre 1-0( M1(3 gtri-litrt

2-I) trxijeciorv, rtioiie-l, IA regiona plot (starle i--ft h-rc-klr-otrn-i), id~ stellri-e

incuge- time loops- for thle longe- t aOffi Nt-r isis

GOE:S saic-llite ni ger- v, )1 :in10- S ivse-s ll( -'mlhesaelliteIretov- se

foreecist geridairce (PP (C). rt-odtits nT' 1xpeto h e irriil,e-d-tc :iv:iiill

within thle initiAi AWD MR onfgutatirm, -.-:erefouni_ io he especi~illv userl rInlbr

QPI- Forec~srirrg (IbHe 7)). The- irtirgr i-Ilip s of' ptreseni .vc :,thler c anr I SI )k

am zlvses stipeci niposeC- il tile GOEsiig-r- piox-i-le I i s:u:rirrf ra o of, Ie-

portions of the r-louil -.vsre-iris flir avie pro-luirg pt-e--r prt tirot. [lien stiellii-

irliicger\- w il; or. A.,ilioti 51MM1 (i-:sin be use- I cfec te to tr iatk in- prr-

gression of i-Air re:is Ii s-T Ic-i to rlime- rt Sir~ ao for-e--st loo 1risn.. \\lih-n

tire Stormtit Svstetm A ai rt -ax-t the- .\tl nri ic-. S i- iir~igei- pr-ox-rh- I Ile oly

valerAble souI-c of,'1 t-1-:en itror-i I:, I-on I I rh- ibcre I I, Irrrl r- inil r-:-r11r s

the', iritcisirv" I-nne Ii I'( visiil-le in- 11I, inigqe y i- risc-I to fr)T)PrxrnPrI fbc

a fl~~~~-hr QPI- toral. l r color e-nhlicertic- f 1)1 Iili en-ls-I i enlcirr

thresholds (IN IF1.) wi--- rri e-v lttri Ire- growvth or lii;ofi rri-Iiro Ilu-maL

Cloud niasse-;s -eqireiic (looping) of hli- colorr enrirmi el I hi f-lrowr-lv ringLer-

for :1 2 to 3 hir ie-rioIntis i oico Iuse-I Wr-c ili- fr)- re-solving Ill(- inset n
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duration estimates at the forecast locations. During daylight portions of cases,

the forecasters were able to use both visible and IR loops. Nighttime periods

were obviouslv limited to I B only but for precipitation forecasting purpose-5, it

provides valuable guidance by itself.

The ability to remap the AiI)R analvsis and geographically overi- it on

concurrent GOS imagery and to then plot observations (for exmple, present

weather symbols) on both, demonstrated some of the real potenti t i inherent in

computer-driven interactive color tisplay systems. Figure 17 is :an ex:cph, of

such an integ rated display for 1 \lMrch 1983. In a forecast siru:ition, these fig-

ures would be viewed in in animated time-series loop. This p;rticula r loop Shows

the steady northw,.rd movement of precipitation and its inerec:sino intnsi('i \nh-

ct eel by the expanding DVIP level 2 a rea. Figure 17 shows a1 foui-p;coel lM)

analsis with overlaiyed wea ithersymbols (2-hr interval). The integrated i 'ctl-

time description (nowcast) these :analyses present to an aiviation or loc:l cre

forecaster, especially when sequenced through several hours in ;an nicilctel tne-

series loop, can provi de the subjective basis for improved unders ctrin the

evolving weaither system an c for improved short-range fo reca St S. T'e for-( -

caster's abilily to lnle istiand the coomplexit y of the s'stell ( inij to more prnpe rl

forecast it) cin he seriou.l r limited by the lack of MIR ;and, in p:rticul;il.

GOES-type satellite im;gery.

The satellirc -t r:tjectorr precipit:tion guid:,n e technique (('') ', s the fourlri

most useful product to the foreca sters (Table 4). It waS- use;ful is first alre ss

in both timing the .,; -'ival or depairture of precipitation oid leter'iinn precipit

tion cInmount. The tralecior-altorilti guidance is only ipplicalile under l;am'iirne

conditions (neefls both visible :n I?11 imgery) and must be constr:inc I to the

centra 75 to 80 pe cett of r h,-. l ore regime due to the. sensitivity of the 'I po -

rithrrrs to sola' :tn ' vitions-.

Without s ctellie rnl or ritl.ir rdat:a, :a forecistr ruust rel. on hourly pr .cipi-

taiioi itite tis oir cscr'.vcri-s (light. moderate, heavy, etc.) :is the basis for'

depi.iting fronr 1*()S c nhcir centr 'ly-fenera ted guidance. There atre ttnoe,1

unfortuntel. , .OwtI ,e h(roly intensity values can be quite innonsistent .ith

1- or ti-houl, cmounts. The st:tion motiel tine-series displ;i% ('MS) '%:is krout

to be tiMost useful ill tr,,ckrn lre' lepicling or back edge of the precipitation sihel 1,

p;citiculr', .1h.er I ise] ci juntion with rour-pmnel displays (iA) to clefirne Ith

geo r;iphir prieriptttinn listriculion. '1The 1,1'\l-bccsed precipitation guidance

(F(UlS i;0-f.F'M Gii'lce rid1 () .S 12-M()S) provided excellent gui(lance on the

precipitation pctetl.il of th. sto-ii srsterr:ste; uui cl'e which lie for'ec' sters r'oull

;adjust to inficnmition rc c ucl storm trickinr :,nil intensity, lirThe ;-hr QP 1-() S

guidatne founI tin Ice rioe -rseful thIn tIre fuid;nce for' the ci t her fCor i st
vi riibles ('Icilcll' 5).
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Iike ceiling height, te rminal area winds can be variable, partricularly during

an evolving winter storm or cold front situation, and they can be especially sen-

sitive to local factors (terrain, wate:- bodies, etc. ). While the 1-min mean wind

observation, taken each hour for aviation purposes, better serves the needs of

flying safety, it has been shown through an analysis of wind spectra that a

30-60 min mean wind vector and some measure of variability would be more

appropriate for short-range prediction purposes. tinfortunately, the hourly

1-min mean winds contain considerable high-frequency vari:nce, which tepre-

sents noise in the prediction process. While supplemental cloud and precipitation

related observations can be obtained from sitellite imagery and AID i analyses for,

data void regions (especially over water), remote sensing sources are not pres-

ently available for surface or neat-surface winds.

The mesoscale plot and analysis t'outines (IA, MS, KZ, etc.) were found to be

the most useful products in resolving the location and movement of mesoscale!

synoptic scale wind perturbations such as inland convergence zones, sea breeze

fronts, frontal boundaries, mesohighs and lows, isallobaric centers, etc. , which

aided in resolving the terminal wind forecasts (Table 5). Typically, forecasters

would generate a detailed surface pressure and/or streamline analysis with over-

layed wind flags (KZ and IA) to gain in initial understanding of the wind distribu-

tion and to locate mesoscale features such as mesohighs or surface troughs.

They- would then use a four-panel surface pressure or streamline analysis with

overl;ayed wind flags (2-hr intervals, every 2 hr) to determine movement and

intensity changes of the mesoscale and synoptic scale features. The station

model time series (AIS) was also used by constructing an alignment of stations

frnm the forecast station through a particular feature depicted in the surface

analysis to a 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

(Table 5), especially for- the 4- and n-hr forecast intervals. GOES satellite

imagery, 1IDR, 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 forecast 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 surface observations of sky conditions would occasionally exist.

Invariably this was attributable to untimely surface observations that nonetheless

provided some uncertainty in the forecast process in which some forecasters

tried to factor " observer-deficiencies' into their cloud category probability fore-

casts. Timing and duration of cloud cover characteristics were generally re-

solved through repeated time series looping of visible and/or IR digit:d imagery.

The most widely used non-satellite products for tracking total cloud amount

conditions were a four-panel plot of total cloud amount (every 2-hr, IA), the

station model time series (IllS), and the bar graph display of cloud observations

(GT), particularly for tracking the leading (railing) edge of overcast and ceiling

conditions. The forecasts for the 4 and n hr periods were often finalized iPer

giving consideration to the FOUS (MOS) guidance.

3.3 Forecast Verification Statistics

Numerical and probability forecasts were generated for, two locations for 20

east-coast storm episodes over two winter seasons (1981-1982 :andl 1982-1983).

Each episode involved up to six forecasters, each preparing terminal for'ecasts

each hour- (for six hr) of cloud cover, ceiling height and surface wind vector for

intervals ranging from 1 to 10 hr and ;-hr QPF. A computerized verificalion

procedure w:as implemented to accumulate and update forecast verification statis-

tics on each forecaster shortly after each case w:as completed. Updated statIis-

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 performance. A total of 109 forecaster-days

occurred during the two M1I.s which translates into :a total of 1308 terminal

forecasts being generated of each vatriatble for each forecast interval (109 Y 6

forecasts/case X 2 stations/case).

Objective terminal forecast guidance wa, s vailable to the forecaisters from

three sources: MOS, LFM Guidance, and GEM(11, In the 1983 experiment they were

accessible through Q1cIDAS via simple keyboaird entry procedures while in 1982

they were avilable only in hardcopy form. 5MOS ind 1.711 Guidance forecasts

could be displayed on the alphanumeric screen in teletype message form or could

be displayed in analyzed map form on the color monitor in either single panel or

four-panel format based on forecaster preference. The four-pamel i-S format

is illustrteA in Figure 5.
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It was noted earlier that the nature of MOS limits evaluation of it to the six-

hourly intervals its forecasts are tailored to (00, 06, 12, and 18 GMT). As such.

the verificaition statistics compiled in these tests for MOS were limited to its parr-

ticular verification times and were stratified into 1-, 2-, 4-, and n-hr forecasts

consistent with the structur'e of the lIFE. For example, a MOS forecast valid it

1800 GMT (for examkple, a ti-hr forecast from the 1200 GMT model run) would be

verified ais a 4-hr forecast for the MF. forecasts generated from 1400 GNIT

observations, a 2-hr forecast for 1IFE forecasts generated from 1600 GAIT obser-
vrat ions and an 1-lhr forecast from 1700 GNMT. In other words, we used it 'on-
sisen knoi

sistent with its operational avNila bility in order to quantify its guidance vallue in

evolving te rmirnrl forecasting applications.

3.3. 1 NI'MRICAIL (DETERIMINISTIC) FORECASTS

Figures 18 to 20 summarize the rnse statistics of the numerical or de 'ruin-

istic predictions of surface wind (Figure 18), cloud cover' (Figure 19), and ceilinfz

height (Figure 20), respectively. Part (a) shows results for each experiment

(M1tE 82 and MEll' 83) and the combined set of forecaster consensus (AlFl11: 82-3),

where the numbers in parenthesis are the percent improvement relative to ai p,r-

sistence error for each sample. Part (b) compa res overall forec:aster perfont1, -

ince, persistence, and GE'M for the 20-episode datai set (l1FE 82-83). In the
case of ceiling height (Figure 20), the MIC 82 results have not been includled due

to ai chage in the numerical forecast par ameter' from the specific height value (in

1982) to a categoricazl forecast in 1983, The evaluation of the 1982 version ,x

rejected becaiuse the procedure formulated to treat "no ceiling' foreeasts arid

observa tions introduced artificiall-lairge height errors wlues. Therefore,
Figure 20(a) has been excluded and it contains just the lFIKE 83 (not MEL 82-83)

results.

In ea ch figure the results are accumul:ted over all episodes for both foreca s

loation;, for. ll forecasters as , group, for persistence and for G IM. In lFig-

ures 18(b), 19(b) imd 20 the range in individu:l foreca ster perforrmince is indic;rtel

by the vertical bart' through each group mean verificalion statistic. It represents

the r:nge from worst to best individlual performance over the full extent of the ex-

periment(s). Her ill that the n-hr forecaists ranged in length from 5 to 10 h r: the

length being determined by the interval from "forecast" time to the verification

time of 00, 0G, 12, or 18 GAIT.'No atlempt has been made to further sep' rale

the n-hr forecasts.

Consistent with the MI:. 82 results, the forecazster's outperformed persistence

,,- by in impressive mnrin for each fo recast vcrri able, espeei all> at the 4- and n-hr

"ntervals. Alt hough forecaister e iror increa sed with for'eezsl length (ais woull be

'.'.*. expected in ripidl, changing winter stor'm situ;ilions), persistence error grew
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Figure 20. Root Mean Square Error (RAISE) Results for Mleso-
scale Forecast Experiment (MIE) Ceiling Beight. Forecasts:
19,83 Results of All Forecasters (Consensus), Persistence, and

even faster resulting in widening per-cent improvement statistics for the longer

intervals. The comparison of 1982 results to 1983 for wind forecasts

[Figure 180a)j would suggest that the 1983 episodes selected for- testing comprised

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

caster skill remained about the same. With cloud amount, however, persistence

* error, from 1 - to n-hr was nearly identiral-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 ain improved cloud-cover tracking

procedure that improved the short-range timing forecast on cloud category extrap-

* . olationt. This procedure can be implemented with a light pen option on an inter-

active graphics system. In its absence (as was the case with MlcIDAS), a return

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

boundaries can be employed. The larger forecaster error at n hr in 1983 is

attributed to raises in which clear-ing was forecast prematurely too often. There

was a fairly substantial range in forecast skill among the participating forecasters,

for each element and forecast 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. Except 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 GEM'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 (i-hr precipitation amount forecast error for the 20 MEE 82-83 episodes

(for the forecasters as a group) was 0. 21 in. , ranging from 0. 17 to 0. 26 in.

Given the weather situations chosen to test, the modest range in individual fore-

cast skill among forecasters probably reflects the greater emphasis on the use of

GOES imagery, MDIR and FOUS guidance, each of which provided more quantitative

information on precipitation amount than they did for the other- forecast variables.

3.3. 2 PROBABILITY FORECASTS

Probability forecasts were generated for total cloud amount categories (clear,

scattered, broken, and overcast), for, ceiling height categories (listed in Table 1)

and for" (-hr QPE categories (Table 2), In each case, these categories correspond

exactly to those used in IOS ;and related NIVS probability guidance. The results

. are summarized in two forms: (1) against the probability of persistence being

maintained And (2) against the AIEI: sample climatology (except ;-hr QPF).

Persistence probability forecaists resulted in ;assigning a value of 1. 0 (100 percent)
to the categor existing at iit il (forecist) time aind a value of 0. 0 to the other

categories.

Figures 21 and 22 summarize the percent improvement in cumulative p-score

- (rp) statistics of the forca'isters vs persistence probabilit;' for cloud cover aind

*.. coiling height, respectivelv. The results for- MFI] 82 and M I"I: 83 aire shown

sepritelv :and is :, combined outcome. The results of GEM applied to the t%,enty

case sam ple is sho'A n for coolpa rison, liere again we find subst antiA 1' better

*. - results 's p r' istcn c tif 1l fore-a st intervals. While there .as little diffe rence

4.'. in tire cerling hiqhl results in 1983 vs 1982, the cloudl cover reults .'better

in 1982. espe Iillx ;,t the n-hr interv;l. The recurring problem of fo cc , sters

moving clourt systems out of the forecast region too quickly- is rcefle-tel in the

tinch ; ,rcterist ic lip in skill (from 44 percent it 4-hr to 28 p(ercent at n lt) in the

1983 exercise. In its prob:abilir, form, Gl1 viele -1 20-30 perc-nt miprovement

.v. 's per si stence over the 2-yr expe rirlent, for hoth cloudI cov.r in ceiling hcgilt.
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The results of the 6-hr QPF probability forecasts were 46 percent imaprovement

in 1982, 58 percent in 1983, and 52 percent over AII 82-83. ver)two so: s ns

individual forecaster skill ranged from 36 to 61 percent h e- on cumuLative

p-score.

Figures 23 and 24 summarize forecaster consensus im] GI't vs the two-

season sample climatology. The cumulative p-score of the climatolg'y model

does not vary substantially as the forecast interval increases. Since forec,ster

and GEM p-scores do degrade with increasing orecaist interw i, the percent

.'*' - improvement of forecaster consensus aol GIKA pener;11v lecreses w ith time s,

seen in Figures 23 and 24. IHere again the over-air-essive forecaists of clearin

* skies at n-hr, characteristic of some of the 1983 cses, is reflected in the

"worse-than-climatology" results for n-hr cloud a moun.
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Figure 23. Percent Improvement in C urnul iive n- score
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.3.3 AlIt)S [ IKS I.1S

A cuainftiaive evailuaition of the lAlS forecasts tar) this experiment 1,ust be

* rewel a i'h . L god dea of caution because of the limited samrrple sizes avai iablc

for tialvsis frt reasons cited eairlier. One ratn infer, little more than or.

indlication of comnmirative v-due. Figures 25 through 27 depict rinse statrstr, s

for AMlS .ini persistence For wind, clIoud rover, aind ceiling height,'enruev

The persistence er-rors itre for, the full 2-yr- test sarmple while the \1 (4 r e-vlts

- .;are for, rhos e inst inres (the number of forecasts ire shown in pareceo:ffst- w)\hen

- M1\OS foreca st could propeclv be made14. It is onlY ar n-hr r hat these numbers7

A re coinri-lent . Note thait reiling height results trrre for 1!183 o-nly Not su rpris -

* 4ingl- AIlOS yieldls w orse results than persistence aw 1 ainl 2 hr'. fleai in min,,
though that 1- aind 2-hr l\IFE forecaists rorrespon!in to 10 for ecasts Pasec~r on)

ini ril conlit ions for- lAl ( that existed 11 cinid 10 hr be fore verification trmne,

res t-rrIlvel; . ilI" ri or-era sts of .3-hr clur~rion ain I longe -ire sulpa rTed ix- IA10%F

%4 guiL:nce forecasts (of w ,ind, cloud1 cover, a nd ceiling heig ht, at. least)ta in. -

prove upon persistence. The results for- wind fo reca sts aire part icul; rArKva nr

in rea rd-s to the ' St abi lit x'' of the 5108 rot se withI inorceaising time, -i cham rar-' !et

istic- of AIlOS note]Ihb-, Muench. In fa )i nt roar iiten t lrrf M1OS ,.1i d resut

S7, Altrench, If, S (19)83) 1-xpe rim ent s i tr Objc-t ivy A - t on We ahe r For-, at in
-Using I nODer Level Steering . -\1G.-FB -83 -07128 (in p:ress>,
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here with the Forecaster consensus results in Figure 18, MOS yielded slightly

lower rimse results over the 2-yr test sample.

MOS probability forecasts of cloud cover and ceiling height compared to fore-

caster- consensus aind GEM] Ire shown in Figures 28 and 29. These results are

comparable to the rinse results that suggest that 1- and 2-hr usage of l\IOS is

of questionable value. While It 4-hr and beyond it will generally yield better

guidance ihan GEM and persistence during winter storm conditions. In fact, MOS

was slightly better, than forecaster consensus for both variables at n-hr. The

percent improvement of NUGS 6-hr QPF probability forecasts over persistence was

42 percent compared to 52 percent for the forecasters with an associated 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 varying levels

of forecasting experience among the participating forecasters, particularly with

regard to probability forecasting, an index of forecasting experience was estab-

lished in order to evaluate the relationship between experience and skill. The
%' experience index (El) was defined as follows for, the numerical forecasts:

E I = 0. 6(OF) + 0. 2(CFE) + 0.6 ((MFE) + 0. 4(A] N) + 0. 3(1 F)

and for probability forecasts:

EI = 0. 4(OF) + 0. 2(CFE) + 0. 8(MvF':) + 0. ;(M6N) + 0.4(11')

"? - where

OF - operational forecasting experience

CFE - semester/year-long college forecast exercises

MFE - prior Mesoscale Forecast Experiments

MN - AFGL Mesonetwork Experiment in 1970s

IF - intangible factor- based on perceived dLay-to-day interest in forec:rsting.

Each factor was quantified in terms of years (or equivalent yars) of experience.

The weights were assigned to reflect relative value (as judged by the senior

author) of the experience(s) for, the purposes of the M\Fs. For that reason the

weights assigned to prior probability forecast experiments (for example, M.EL

and MN) were increased and OF decreased for the evaluation of probabilily fore-

casts.

Figures 30 through 32 depict the simple regression lines of best fit between

forecaster error (rmse) and the El for the numerical forecists of wild, cloud

amount, and ceiling height for the 1-, 2-, 4-, mnd n-hr forecats. A "goodness-

of-fit" measure (correlation coefficient) for each regression line is ailso shown.

The ceiling height results are for- the 1083 MF'I: only. With the ': ception of the

1- and 2-hr wind forecasts, the anticipated rela tiionship beta e-n s,<ill and expel.-
ience was realized; that is, decreaising error -kith rni-rea sitr exp tien-e. There

is also reasonable consistency among the re4ression lines ror eaich forec:st vrr-

able in that the slopes closely approximavte each other (; ;itl with the exc-,pion o

the short-term wind forecasts) and the 7-intect-epts ilcr'eaise %k ith itrr-rsin2 fore-

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

and Il for cloud amount and ceiling height prob ibilitv forecasts for the full

MEF 82-83 period. Here again, the strong hint of experience contributing posi-

tivelv to skill is evident, in this case incre.sing skill score with increasing
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exerene.Resonable consistency, is maintainred amnonig the regression slopes,exetine. i

though not ats well ais for the numnericail forecaists. The "goodness -of-fit" meas-

-ures arte genera lly higher- (across the boardc) with these datai than wvith the numner-

ical Forecast results.

... e" 4. CONCLUSIONS

An FLwais conducted over at 2-yr, periodl using the AVG I. McIDAS facility

aind (Lit a fr-om 20 tt inte or c-a v spring eaist -roast sto rio episodes. The I P1 was

st r'uctuv ed to emlteasports of the ivi at ion terminal weal her- suppor-t functions-,

in base w eathr staitions, using at computer -driven mnte ractiv~e gra phics dlisply

_yi

'V%



'-/- ' . w .-- .- i- ."- "- "- -~ ~ -., ' . .- - ' -- -- • . -. -: -"" . . - . '- . . . .-. J .,< .

system of the type envisioned with the AWDS. Data available to the MI'E Fore-

casters included that which will be part of the initial AWDS and that which could

be made available in future, expanded AWDS configurations. The II wa]s

designed to assess numerous display and analysis products t-ilored to provide

mesoscale detail, of remotely-sensed data sources, and of the Abililv of fore-

. casters to prepare certain short-range terminal weather forecaists.

Each participating forecaster completed two assessment forms after each of

the individual forecast episode exercises. The first form addressed the value of

certain display prodlucts and data sources in preparing short-r'ange ter-minal fore-

casts of windspeed and direction, total cloud amount, ceiling height, aind G-hr

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

four elements accompanied by a discussion of the products /d.ta 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, a st tisticl vetificzr-

lion of forecaster performance was conducted for' the numeric al anl p'tbiilityv

forecasts that were generated.

The products judged to be most useful in the prep:ration of short -range

terminal forecasts included: (1) conventional geograiphic data displays presented

simultaneously as four quadrant panels on one screen, (2) regional scale surface

analyses, plots, and data listings of basic variables, (3) satellite-based trajec-

tory technique, (4) tailored plot displays such is the station-model tiryes-series

displays, and (5) mapped displays of forecast guidance derived from the Nl\IC

LFIl 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 GEM were found to be of very limited value due to their

lack of timeliness and/or poor' horizontal representativeness.

The cur'rent operational zvailability of surface and sounding data (in 3-1)

space and time) is not compatible with the needs for' mesoscale data for' short-

range terminal forecasting purposes. This incompatibility forces the forec:ter

' to relv most heavily on data presented in airly basic form (listings, plots, nd

simple analyses of basic variables), which can be interpretel and filtered sub-

jectively in order to build an understanding of the atmospheric processes ra1king

place in the forecast region. The tailored products that were most relied on
retained or highlighted mesoscale aspects of the basic vairiables associated k ith

the extratropical storm systems being dealt with in the AILL.

talf-hourly imager y (visible and 11) from geosynchronous wetlier satellites

like GOES represent the single-most importtant datt source for short-range

* aviation terminal forecasting. The AI FE forecasters relied more hea;vily oin it to

prepare their cloud cover, G-hr QPUt and ceiling height forecatsts than an, other

1." available source, The ability to tmanipulate GOES imazge v interactively on the

4G4

.. 2
45



graphics display provides a wealth of qualitative and quantitative guidance for

forecasting purposes. This capability includes time-series looping, raipid chin-

nel switching (visible to IR and vice versa), selective color enhancement and

remapping, and overlaying conventional data plots and analyses on the imagerv'S

geographic coordinates. Manually digitized radar (MDR) national suriiiries,

objectively analyzed and displayed on the color monitor, were found to he most

valuable for 6-hr QPF, and to a lesser- extent, ceiling height forecalsting purposes.

The most serious limitation or drawb:ick of llDR data was its sporadic a, iil }i 2l-

ity for various and sundry reasons. This created an erosion of confidenc( in it

Las a reliable data source.

Consistent with the results reported in Chisholm et a1l, ceiling height ,0 Is

found to be the most difficult element to forecast due to its inherent v;in hiltv

during storm situations, its sensitivity to terrain ronsider-ations :,nd Ih( ' If-i s

of our ability to full' observe and report it from either ground-busel or01 L( llcii.

perspectives. Terminal wind conditions were deemed to be the second moa.t

,*" difficult variable to forecast. The forecasting of ;-t QP." is :mided more t , in

the other elements by the availability of half-hourly GOES imagery ;and \l ID1

displays. As a result it was viewed to be the second easiest v' riable to fo(k ,ise5

- while total cloud amount was judged eaJsiest. In most cases, forecasters use I

. GOES imagery almost exclusively to foreca~st tot:,i cloud amount, especially for

periods less than 4 hr.

'The 2-yr forecast experiment resulted in over 1300 forecasts of each vari-

able for each forecast interval. A stitisic l verificrat ion of the forecasters'

numierical aind probability foreca st s w:as conducted with comparisons made to

.*. . persistence, sample climatology, ind two forecast guidance techniques; namely,

MOS ;ani GF:M. W hile the prCimaiy ev lu:Ition itIVOlvcd grouped fol-ecastel per-

for nnoce (consensus), individual perforni:ince rod its itnplica tions were also

evaluaited. The .Mr"I: forecasts vielded superior rose comp:red to persistence
For each v:,,riable (wrndspeed andct direction, total cloud amount, ceilinta height,

and ti-hr' QPI") for all forec;ast intervals (1, 2, 4, and n hr). At .t Kr, the inpIovC-

ment over persistence rainged from about 20 percent For wind aind ceilin hei ht to

about :30 percent for' totll cloud iniourit. The foreca;ster.s piobabilit, fi e,.:s s

were sustuntiilly better th:an persistence probability ait ill Fo(c -st inoTr V" Ils

;nI showed skill vs sinple clim:tology, except :it the n-hr inleivl. Vhile G 1KM
r yiel'de skill relative to pci'sistence probabilitv, in zene r l it yielde'd higher rise

scores than diJ pesiisterce in its ntwme rica 1 form. Its gu1ilite 'a I:i ue(.is deemesd

to he tominm Il in "heaivy" Ae tier episodes of the tyx'pc used in the AIFIK. i S-tly.
R

--. Al. (}IS w s found to provide usef'ul auiLance or for''c:sl inte' v; Is of 4 hr ind be-

t zx'yond. p rt icul Y ;l I S rgL irIs ' ini fo rerc ss. 'The v:ri iion in individriI fore-
4/, caster skill wzas found to be fairly substn i; nl it'Ind burible, in parl, to fore-

casting exper ience.
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• ased on the 2-vr Ai.FE, the following conc lusions :tre reached vis-a-vis the

use of interPactive gr-aphics display systems for short -range terminal forecast

preps ra:tion and monitoring:

, (1) Software for user-specified dtta plotting and :malYsis in tailored form
(for example, four -panel plot and Lmilvsis displays, station-model time-series

ldisplays) is essentitil to allow selective but substantial amounts of basic data to

be viewed and manipulated inter-actively.

(2) Fundlamental to (1) is the presumed availability of LI recent history file

(Lit least the latest 24 hr) of basic surface and upper-air observations in the

resident computer- ter-minail, such that pr-oducts can he prepare'd Lknd displayed

within Li minute or so of its request.

(3) The current observational density (in space and time) for both surface

Ind upper-air operational data sources seriously limits the extent to which meso-

scile features can be detected and used for short-range forecas.ng purposes. As

ai result little value can be found in computing and displaying more complex de-

rived fielda such Ls moisture convergence/advection, vorticity, and divergence.

(4) A key to progress in improved short-range terminal forecast support lies
. in geosynchronous weather satellites, which not only can provide continuously

repeating views of Li geographical area to provide valuable imagery information

for t ranslat ion/extrapolation of clouds and precipitation features, but also fills

in the data voids betveen widely separated surface and radiosonde stations. With

the continued development of GOES temperature and water vapor sounder capabil-

ities, the importance of satellites for short-range forecasting support globally

will increase over the next several years.

(5) Although there is a wide range of research underway for modeling small-

scale weather systems (both physically and numerically), we are still many years

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 forecasting must continue to focus on detecting, tracking,

and extrapolating the movement and evolution of mesoscale systems. Resident

software in an interactive graphics system should, therefore, be tailored to

presenting weather depictions as specified by the forecaster-user. They should

be capable of incorporating all available operational data sources, especially those

j]. like 1IDR, which often provide vital information between conventional surface

observation sites,

(6) Training for, and fL iiarization with, the use of an inter-active system

is essential. Like anY advance in technology, there will be a "learning" period

during which forecaster performance (including forecast skill) will be somewhat

rlegrL;ried. The speed with which familiarity with the system's c apabilities and

r'equirenents xill be :icqui re 1, %Vill v;irIr' .ue to any number of human behavior
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factors. Given the general educational background and basic weather forecasting

training provided to all AWS forecasters, the transition period from the current

manual 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 keyboard entry

methodology of McIDAS is rudimentary, and at first glance may appear to be a

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

days. It, and many other systems, has extensive built-in default parameters

- -(for example, contour intervals for each parameter), which simplify keyboard

entry. Again, the key to effective use of the system does not lie in its keyboard

entry method but rather on the resident data and software in it that can generate

the display products required by the forecaster for base weather station support
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Appendix A

1983 Episodes

Forecast Experiment 11: At 15 GMT, 25 October 1982, it well developed,

occluded cyclone was centered over Cape Hatteras beneath a 500 n-b low (Fig-

ure Al). Light to moderate rain was falling from southeastern New York south-

ward to the Carolinas. With little further development expected as the cyclone

moved slowly toward the northeast, the main forecast problem consisted of timing

the arrival of the precipitation, G-hr precipitation amount and ceiling height fore-

casts.

2 5. bb 539

q.h /4 0 G5.L

\K
IIl

Figure Al. Gene r'rI We;rthe r Silt ronli for \ I' 1] ]; ';Je No. 1 1: (a ) ,Strrf;, cc Pr-es -

sur'e Analysis for 1500 G?'IE[, 25 October' 108]2 :tr1 (b) 500 -mh I Icei~ht .. nalvais f'orI1200 GM'IT. 25 October 1982 7
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Forecast Experiment 12: At 15 GAIT, 5 November 1982, a strong, but slow,
eastward-moving cold front was oriented north to south arross eastern

New England (Figure A2). Rainfall was occurring ahead of the front with seait-

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 aind eastern

New York and eastern Pennsylvania. With the approaching front within 50 to 6O kmi

of Boston and Providence the timing of FROPA aind its associaited wind shift aind

improving ceiling and cloud conditions were of most concern.
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F-igure A2 . Gener il Weather Sit uiton
for 1\IFI Caise No. 12: (a) Surf:tre Prpes-
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1982 aind (h) 500-mh li cialit .\na l~si sFor
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F-orec~t-;t E'xper'iment 13: The Gi GIT,' 13 November 1(82, '-,u! :1, J:' '*2

n: sC1<aur-Ic X0 *O%'owedI :u slrfi pt'essu re t foulh H isotCI, IeU"

m1WiNtovin t-LII Cri ont2~ Vhgw :tpr~h tE %e tn Ne','Ingi nil. With Vw 1,0" o

,v'jn;Jori thre cohA front, pientfil mroisture, nA i .%(- k fron',: v(- f- I' ',;-

1n2( long the ;F'A J \ Vo*'st the mnst irblrc''112 t('Fti' pt'ohieii A

[i''' 0 p'* on oaInovrtr :II, I thie Zt r'onc ' wink s o llt k i% .1!' i V~ ( A,:G1

Ioi t on reporVt(21 sowhrl VI. wjl i 2G, knt usts in t38 knot s). In the I il!

1)''tI sslr 'he lr'ontsI pts0i rLe mtl thie !Srsocitl l hfn-'' ri-i-

2. iik1l .'. ' -, l iV liff heiiinl !he 'rwi'. I-hi )!f ipit . on i n 'P.

13 I't I t t'I cV I-s c'tv tI ,

2V2

2'4

(a) >

SF C PRIF 1306Ml

A . 1

% p.

I-t Lutre A\3. Geners1 Wesithet' Sit.ution
for AMFFI Case No. 13: (a1) Surrrsee PrCs-
'ult'e ' Amtlvsi-s for 0600 GMT, 1.3, Novemn-
her V1'82 mun 00) 500-r-h JI[(gh' An Ix'sri-
for VO 000G3MT, 13 Nov(-nib( 96

7:3

%~*

TA. *"



* Forecatst Fxpeci ment 14: The surface pressure analysis Lit 12 GAIT,

15 Januair. 198:3, (Figure A4) showed ibroad a tea of low pressure mov~ing icrnoss

the mid-Atlantic states. A pritmary low w as located in northv est em Pennsvlvaini a

with ai secondlary developing neair the l\1iaryland coast. With a potent 500-mb

trough (Figure A4) and strong PVA overspreading the mid-Atlantic coast the

secondary would likely become a major- snowstorm for the Northeast. With the

potentiail for, a major snowstorm approaiching the Northeast, heavy precipitation

aimounts, strtong winds, and low ceilings were likely forecaist problems.
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Forecast Experiment 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.

'112

*~ G.

5-2

Figre S.Genra Wcthe Stu22o

7F 7

5.. 0

Fiur A5 Gnra W.Jhr iumo

for- IFF: ~ise o. 15 (a) urfac Pres



Forecast Experiment 16: At 16 GMT, 11 Feb 1983, an intensifying cyclone

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

pressure system (1040 mb) was centered in eastern Canada extending southeast-

ward over New England. The strong pressure gradient between these two systems

generated a strong, moist easterly flow. The combination of the moist easterly

flow and strong warm advection at 850 and 700 mb were combining to produce

extreme snowfall rates (1 to 5 in. /hr). Satellite imagery showed the cloud shield

steadily moving toward the NNE suggesting the potential for heavy snow in

'. southern New England. With near blizzard conditions aipproaching from the south,

winds, heavy snow and very low ceilings were likely forecast problems.
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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.

S' " FC PRE I 2 D
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*Figure \7. General Weather Situation

for M.FV. C_'se No. 17: (a,) Surface Pies-:' sure _nalysisq for 2300 GMdT. 15 January
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Forecast Experiment 18: A cold front in eastern New York, associated with

ak low pressure system over southeastern Canada at 16i GAIT, 23 Feb 1983, was

moving stealdily eastward towaird southern New England (Figure A8). The corn-

bination of the approaching cold front and a low pressure system dleveloping over-

eaistern North Car-olini whose precipitation shield was expected to graze southern

New E:nglaind, bringing at period of light rain to Boston and Providence. The main

~ -~ fo reera problem w as tirming the ('old frontal paissage and its wind shift and the

worseningv ceiling conditions aissociated with the light rain.

St r2PRI \316
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Figure A8. General Wkeather Situation
for MIFK Caise No. 18: (a) Surfaice Pres-
sure AnA lvNsis for IrGOO GIT, 23 ]ebi'uairy
1983 aind (b) 500-mb Hleight Analysis for,

*1200 GjrT, 23 Februairy- 1583
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Forecast Experiment 19: At 14 GAIT, 2 N\Iar 1983, in intense cyclone wals

locaited aipproximaitely 300 kmi off the Delaware coast moving towaird the northeast

(Figure AN. A lar-ge ratin shield that haid ailreaidy dumped over ain inch of rain at

Boston nl Providence stretched from Maine southward to Virginiai. As this large

(rean storm con? inued to move slowly toward the northeaist with a continuation of

modle rate raiin. ti-hr preri pit it ion amount wais the maiin forecast problem.
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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. Later, it was timing the approaching warm front and its heavy rain

* . showe-s and eventually a cold frontal passage and the associated wind shift.
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'": l~igur'e :\10. Generl Wether Situation
ar MtI Case No. 20: (a) Surface Pres-

sure Analysis f'or 1.500 GI\T, 21 M\l;irch
1983 anod (b) 500-mob tHeight Ana lysis for
1200 GMT, 21 March 1983
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Product Usefulness Assessment

Case No. Case Date Forecaster

Forecast Stations BOS and

First Forecast Time - Z Last Forecast Time - Z

Circle the products you used in this case:

MS GT MR PF KZ TS FA FK-THA FK-MOS

FK-GUI BS IA

1. Most Useful

A. What product was most useful to you3

B. Why was it so useful?

C. How did you use it

D. In what situations was it most useful?

F. In what situations was it not useful?

2. Least Useful

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"

F. How could the product be improved?
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Mesoscale Forecast Variable Assessment

Case No. ________Case Date-________ Forecaster_________

Forecast Stations 13OS and __

First Forecast Time __ Z Last Forecast Time Z

Ranking of Forecast Variable, in order of difficulty using facilities available
through MclDAS and MFF

A. The 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 muesoscale plot and analysis routines useful? If so, how?

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

,-S 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 sour 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?

'V Was IDR useful" If so, how?

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

*%"
* N'

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

i
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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?

C. 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 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?

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

I). The easiest variable to forecast was
beyond hours, I had little confidence in my forecasts.

Was satellite imagery useful? If so, how?

Was MDH useful? If so, how?

Were the mesoscale 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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