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ABSTRACT

In support of the Canadlan Atlantlc Storm progran (CASp), a
dedlcated Forecast centre was operated Ln Bedford, Nova scotia,
January. 15 to March tr 5, 1986. The Centre !ra6 staffed by operatlonal

. meteorologlsts from several AES Forecast Offl.ces. An lnportant goal
of the Forecast Centre ltas to assess a wlde varlety of enhanced
observatLonal data, newl-y developed forecast guLdance products and" experLmental graphlcs display equlpnent.

Thls report deals wlth an operational evaluatlon.of -the speclal
FLnlte Element Model- (rE-cASP), developed by'RpN and run ar cMC as
lt was dlsplayed and used at the rCASpf Forecast Centre. An
obJectlve assessment of the rFE-:CASP' nodel Ls made Ln comparLson
with other Canad;an gnd U.S. rnodels available ln Bedford. A second
nore subJectlve assessment ls nade of the varLous data dlsplay

' formats, thelr accuracy, and thelr usefulness to forecastera.,

A number of dlsplays ltere consLdered very useful, especially those
lnvolvlng preclpLtatlon. The dlsplay of tlne-serles of raln rates
and surface wLnds at speclflc sltes generated nuch forecaster
lnterest. It Ls recommended that this type of guldance be sent Lnthard-copyt fornat to Atl-antlc Reglon Weather Centres twl,ce datly as
soon after data tlme as posslble for operatlonal use and further
testlng.



COf,TEf,TS

ABSTRACT

1. INTRODUCTION

2. COMPARISON OF ''FE-CASP" WITH OTTIER MODELS

2.L APPROACH

,2.2 TSOBARTC PROCNoSES

2.2.1 Pressure

?.2.2 Posltlon of. Lows
l^aa 2.2.J Speed

2.2 .4 Track

2.3 PRECIPITATION FORECASTS

4-

..'

3. ASSESSMENT OF UTILITY OF DISPLAYS AVAILABLE

3.1 THE "RIDS" DISPLAY SISTEM

3.,2 DESCRIPTION OF PRODUCTS AVAILABLE

3.2.L Quebec Data Baie (Regular F.E.M. Outpyt)

9.2.2 CASP Dat"a Base-1 (Horlzontdl Map Dtsplays)
' 3.2.3 CASP Data Base 2 (Verttcal Cross-sections)

3.2.4, CASP"Data Base 3 (Tine Serles at Polnts)

, 3.3 ASSESSMENT BY FORSCASTERS

3.4 VERIFICATION OF DATA BASE 3 PRODUCTS

3:4.L Spltt Precipltatlon Ratea

, ! 3.4.2 Surface WLnd

3.4.3 Vertlcal Temperature Profiles

' 4. boucr,usroNs

5. RECO}N,IENDATIONS '

6. REFEB.ENCES

i

i



1. INTRODUCTION

As'part of the Canadian Atlanttc Storms Program (CASP) the Nunerical
Modelling Research Divlslon (RPN) developed a high-resollrtlon versl.on
of their already operatloial flnlte element (FE) nunerlcal weathei
depletlon nodel. Thts:CASP versLon (FE-CASP) of the nodel ls slmllar
to the operatlonal (contlnental) ver'sl-on except for the followlng:

- Maxfunurn horlzontal resolutlon ls 100 kn vs. 190 kn-
for. the contlnental FE

It uses a dlfferent topographlcal representatlon
whlch includes a more precLse land/sea boundary.

- It uses a hlgher resolutLon sea surface temperature
" anal-ysls.

- It contaLns enhanced physlcal parameterLzatlon.

Stgnlflcantly nore detatl on the nodel ls provlded by Benolt (1985).

Not only dtd CASP provide an excellent opportunlty for"nodel experL-
mentatlon, it also allowed RPN the chance to provlde dlrect support
by dellverlng the FE-CASP forecasts to the speclal CASP Forecast
Centre (Danks, 1986) ln Bedford, N. S. In addltlon to providlng the
Foreca'st Centre wlth tradltlonal facsinlle charts, a wlde varlety of
experl-mental dlsplays lrere made avallable vla the Reaote Image
Dtsplay Systens (RIDS) (Flndleton, 1985) operatlng on an IBM PC-XT
cornputer. Thls lncluded such dtsplays as vertlcal cross sections,
temperature proflles and time serLes of varlous paraDeters.

Thls repott provldes an eval-uatlon of the FE-CASP fron the perspect-
lve of the operatlonal neteoroLoglst. Both the modelrs lsobarlc and
preclpltatLon forecasts are assessed and compared wlth other avall-
able NWP products. In addltlon, an asaessnent bf the various
experl,nental dtsplays avallabLe through RIDS le given. Recomrnend-
atlons regarding whlih of the'se dtsplays ntght be operatlonally
usefutr are presented.
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2. COMPARISON OF TIIE BEHAV1OUR OF iHE'IFE-CASP' MODEL WITII OTHER
AVAILABLE MODELS'

2.L APPROACII

FEjCASP forecasts have beeff-conpared lrlth forecasts from three
currently avallable nodels: CMC'e bpectral model, CMCrs
i6ntinental versl.on of the finttd element nodel (FEM) and the
U.S. Natlonil- I{eather Cdntre.ts nestad-grld nodel (NCU). There
were'two areas of "particular lnterest ln evaluatlng performance
of these foi.rr numerlcal'niodels.

FliSti the surface lsobarlc prognoses were'of lnter"est lrlth
respect to:

a) 'depth of pressure centre as an lndi'cator of a nodelrs
handllng of the dynanics of the eltuatlon and lts ablllty

- to'predict marine wlnd fields;

b) ,traik and speed of storm c'entre. as an ald to accurate
. weather prognosls (e.g. tLuLng and type of preclpltatlon).

Second, the quantative preclpttatlon forecasts. (qpf) were of
lnterest as precipitatlon ls the most. lmportant lnland publlc
forecaet parameter Ln wlnter

2.2 ISOBARIC PROGS 
"

2.2.L PrAssure. ,n

36 hour forecasts fron ea6ir of the four avallable
'numerLcal surface ,prognostlcs were verlfled wlth respect

. to a) central pressure, b) vector error of posltlon, and
c),sqeed, for Lhe-maLn low pressure centre ln each of
the 16 CASP lntensive observatLon perlods (IOP'61. ." '

As nlght be expected all four models were too weak or
shallow at' 36 hours with the central pressure of the 16
storns studled tn CASP. The CMC Ftntte Element (fEM)

''"u 'was a ffitfe too deep'on"tno occSsions (2.nb and 6 nb)
-. and thd CMC Spectral once (4 nb). In the rexnalnl.ng

-.i ;*cases- for whlch-progs were avallable, the lolrs were not
" deep'enough on 36 hour progs. Blases were as follows:

I

ol
' CMC Spectral

CI'IC F.E.lt.
CI'{C FE-CASP
U.S. Nested

+ 8.2 nli
. +8.3nb

+ 10.6 nb
Grtd + 12.3 nb

16 Storns
14 Storns
16 Storns
12 Stbrns
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2.2.2 36 llour Prog Posltlon

The error. Ln posltlon (Fig. 1) ts the vector error taken
to the nearest 50 nautlcal niles (whole degree latttude)

, and 8 polnte of the conpass. The reference dLrectlon ie. the actual track of the low centre. - .The orlgln (centre
of concentric circles) ts treated as the actual positLon
of the storn centre at the verlfylng tlne. TF error
vectors are added for each 8 dtrectlons to form an
"ERROR ROSE*. The dots define the Lncremented vector
lengths for all prevLous storm caaea. perfect prog-
nostLcs (zeto error) cannot be shown but are used ln
calculatlng mean (absol"ute) error.

The circfes in Ftg. I are drawn at 60 n.n. (1o latltude)
increments.

For example (Ftg. 1) ttre f FE-CASPf nodel--was lefr of
track and fast lrtth a vector error of 3" latltude on one
(only) occaslon durlng the 15 IOPrs. Thls nodel forecast
the correct track for 36 hours, but was slow on three, occaslons by 4, 2, and 4 degrees latltude.

Mean absolute.errors lay between 2.0 and 2.6 degrees
latltude for the 4 rnodels. In this absessment, the
FE-CASP and U.S. NGM (whtch dld not deepen lows as much
as the two prLmary CMC nodels) had narglnally better
performance:

Ct'lC Spectral 2.25" Lat. mean absolute error
CMC F.E.U. 2.6" Lat. r' "
CMC 'r FE-CASPT 2.I" Lat. " 'r

, U.S. Nested Grid 2.O" Lat.

2.2.3 Speed (Fre. 1).

Speeds of low centres were calculated, wlth reference to
the actual track of the surface low centre.

Thus, tn Ftg. 1, lows whlch were forecast too fast lle
above the horl-zontal lLne through the dlagramra centre
and those whlch were slow lle below Lt.

-3-



?here was a pronoiinced tenddncy on the part.of the.nodele
to be slow wlth progged posltlons. Thts was most
pronounced ln the U.S. Nested Grld whlch was slow ln 8
out of 9 cases. Even the CMC regular Flnlte Element
Model, whlch was slow and fast an equal nuuber of 5
cases, htas nbre than 2 degrees fast ln 36 hours on i

only one occasLon.

Model. Fast Slow

Spectral
F.E.U.
FE-CASP

NG}I

2.2.4 Track.

As wlth speeds, forecast tracks hrere conpared to the
. track of the actual centre of low pressure. In Fig. I

those lows wlilch were forecast left'of track lle left' of a vertibal llne through the Fagramf s centre. Tus
!f,e aee that the IFE-CASPI oodel forecast.6 najor storns

" too far left of'track, but only 2 too far'rlght. The
ramalnl.ng 8 storrns had thelr track correctly forecast,
lncluding 3 with correct speed (which, slnce they fall
at the orlgln of the dlagrarn, cannot be plotted).

In general a1-1 numerLcal progs were nbre accurate wLth
respect to track (dtspl-acement normal to track) than' wlth speeds. Howevei, lt should be recognlzed that a
one degree lateral error Ln track and thlckness would
ltkely mean a maJor dlfference in preclpltation type
(rath vs; snow) or amount whlle one degree of forward
speed means only L or 2 hours ln tLnlng of preclplt-
ation. There was a dl'stlnct tendeircy on the part of
the two maLnstrean CMC progs. (FEM and Spectral) to be
rtght "of track when.too fast and left of track when
too slow.

2.3 pnEcrprtArloN FoREcAgTS (see Fig. 2).

cMc
cuc'
cMc
U. S.

I
6
8
8

5
6
3
I

24 hour actual preclpltatLon amounts ending at 12OOZ each day
froni February 1 to l.Iarch 15, 1986;. were consldered. Corres-
ponding 12 to 36. hour'nodel QPF perlods from 00002 data were
conparbd. Observlng'sites at Hallfax (YAW), Sable Island (I{SA)
and St. Johnrs (YYr - Feb. only) were studLed.
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The bar graphs ln Fig. 2 wdre devleed subJectively to best
lllustrate the lret or dry blases of the models. The horLzon-
tal length of the bar is lroportlonaL to the nunber of
occasions each nodel ftt the specLfled category. The'number ls
plotted wlthln the bar. tDry' blases are shonn to. the left andrwetf to the right. Anounts of preclpltatlon were not verLfl.ed,
although the secona aGpl-y conslders-bnly anounts, of 5 lrm'or
more.

This assessdent confirned subJectl.ve Lmpresslons that the
regular FEM nodel lras "net" and the CMC spectral was quLte
"dry". The |FE-CASP| and U.S. nested grLd rnodel-s were Lnter-
mediate between the tlro.

On daj's wheir 5 rrm or more of preclpltatlon fell, all models
ltere too dry but the "wettest" one, the FEM, was'cl.early
irreferable. 0n the other hand, the CMC spectral- lras not
acceptable for preclpltatlon forecasting due to lts
conslstent "dry" bLas.

'It ls Lmportant to note that these results were valLd ln the
- e"arly rnonths of 1986 only. PrecLpltatlon forecasts are very

sensLtLve to nodel changes and results are not llke1y fulLy
applleabLe at" present.-

3. ASSE$SI{Ei,IT CP UTILITY OF METEOROLOGICAL DISPLAYS 'AVAILISLN tOrcASPt FORECASTERS ON TrrE REr.{OTE rMAGE DrSpLAy SYSTEM (RrDS) FriOM
CMC, MONTREAL.

3.1 THE DISPLAY SYSTEM (RIDS): -

.' Thls use of the RIDS durlng CASP Ls descrLbed by.Jin Abrahan
- (1986). In ,general the system was not user frLendl.y. The
dlsplay and manLpulatlon of over 100 charts ln 14 dl.fferent
aerles ln 4 data bases was complex and time consuml.ng. How-

, .ever, considerable use was made of dlsplays on a eelectLve
' basls and each of the f CAsPr forecasters provlded-ffilGE-s-

ment of the usefulness of products.

,. 3.2 DESCRIPTION OF PRODUCTS AVAILABLE.

Sanples of each of the 14 serles of meteoroiogtcal dlsplays
aval1ab1ithroughRIDSareshownl.nF1gure3A,3B'and,3C.
On the RIDS vldeo dtsplay these charts appeared polychromat-
lcally (red, whlte, grey and blue). The sampl-es shown ln
Ftg. 3 were produced by a dot-natrl.x prlnter attactied to the
PC-XT. The photoeopylng and reduction process have, unfortun-
atel-y, left the monochromatlc coples ln thls report wlth
Llntted contrast.
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- The dtspldys can'brieffy F-_11sted as follows:
{- - r

. 3.2.L Quebec (CMQ) Data'Base: (QUE)

' ' Thts display (ftg. 'ld) fs derLved'from tne ftntte Element

" :" Model ind ls used operatlonally .by the 'iCentre
, ,MeteoroLoglque du Quebec". It ls"ataLlable twl.ce dall-y: from I FEMf ruris. .

" llL,) FEM QPF ln 3-hour lntervals fron 6 to 30 hours
". (8 charts) plus 24 hour QPF endtng at 33 and at"36

" ; - -,hours frbn'data time

I

J

I

I

' ll2) FEM thtckness (1000 -
" 6-hour Lntervals fron

t?, (6 charts total).

- 
.i -

3.2.2 TCASPi Data libse 1' (DBl)

There were_ thre-e f CASP| data bases set up. A11 three
(D81, DB2, DB3) were avallable at. about'1.0002 from the

, rFE-CASPT model whlch ran once daily. Unfortunately, by'
the tine the new nodel becarne avallable, data ln the
previous dlsplay was 34 hours old and too far degraded
to be reliable. The dlsplays ln Ftg."38 were-all avail-
able at 5 hbur Lntervals fron O to 36 hours fr6-data

^, fine and-were horizontal naps wlth geographi (7" charts
each dLsplay)."

ll.3) dSO riU reilarlve hunidlty (Z) and 1OOO - 700.nb
_ thtckness. 'i .'

; ''
#a)' USL pres'sure, lsotachs (5 kt Lntervals), and wlnd

arrolrs (directlon and strength)

{t5) 6-hour QPF fron 0 to 36" hours (Ir2r5r1O nm lsopleths)
. an? a slngle thickness lLne reprbeentative of a taln/

snow boundary. The fact ghat the precise nature of
thls llne nas never documented ln.dny uanuale or on
the charts"nas typlcal of many rloose endst ln the

" chart dlsplays. However, thLe could be deflned and
should not affect the future"utlllty of any. of these

",,displays
tl6) 6-hour spltt QPF (ratn/snow) from'0 to 36 houre wlth
. thlckness lLne as ln #5. (Raln ln blue and snow ln

i , whlte on the CRT dtsplay)..
'{" 4- 

li

.:--

500 rnb) and 500 nb voritclty at
0 to 24.h<i.urs plus_ 36 hours
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3.2.3 TCASPT D6ta Base 2 (DB2)

Thbse dlsplays (Ffg. 3C) were vertical cross-oectlons at
6 hour lntervals fron 0 to 36 hours (7 charts) on two
dlfferent basellnes: one north-south through the

"Marltlines and shelf naters, and the other frorn Cape Cod
to the Gulf of St. Lawrence.

ll7) Isotachs fron 1000 to 100 nb l-evel at 1OKT lntervals.
(5 hour lntervals on 2 baselines = 14 charts)

#8) Temperature/dew point spread.and vertl-cal veloclty
fron 1000 to 100 nb (14 charrs as tn #7).

3.2.4 TCASPT Data Base 3 (DB3)

These dtsplays (Ftg. 3D) are tine serLes 0 to j6 hours at
5 land (YAWTWSATYFCTYSU,YYT) and 7 sea poinrs'in the
Atl-antic Reglon. (12 charts in each serles: one per
point ) .

Itg) Spltt raLn or snow rates (nn/6hr). Note: on the :
vldeo dtsplay raLn was shown ln red, snow Ln whlte.

#10) Relatlve huutdlty (Z) vs. presoure leveL (up to 750
nb) at 5 hour Lntervals to 36 hours (7 proftles/
chart )

#11) Temperature vs pressure level (up to 750 nb) at 5
hour Lntervals to 36 hours. t

tlLz) Productlon of latent heat: Slgna levels 0.25 to 1.0
vg tl.me.

' /113) Turbulent energy: Signa levels 0.73 to 1.0 vs
tl.me.

lll4) Surface wtnd (n/sec) and wlnd stress (pascals) vs
time.

3.3 ASSESSMENT OF PRODUCTS BY FORECASTERS

In generaL lt was not posslble to assesb the accbracy of dtsplay
format.s objectlvely due to lack of tlme. Forecastersr acceptance
or reJectlon of guldance depended more on the parameter depleted
and Lts appllcablllty to forecasts or on the clarlty of the
fornat.

-7-



The foll-owlng aesessment was compiled fron 3 naln sourcea. First,
from a $'rltten survey nade of 'a11 CASP forecasters neAr the ehd of
thb ftet-d proJect. Second, fron wrltten and tape-recorded
comments nade by forecasters.whlle.on shlfi durlng the proJect;
And thtrdr.from observations of how the products were belng used
on shlft and'fron ongolng d"l.scusslons rf,lth the forecaEters.-

a) Sone displays were reJbctbd because the output parameters were
not dLrect fbrecast varlables oi were dlffLcutt to Lnterpret.
For example, Formar llLz (latent'heat), tlI3 (turbulent energy),

" or ll4 (wind stress) were Judged dtfftcult to lncorporate.lnto
forecast' prodirctlon. ! \

b) Sone dlsplays wbre'reJected as beLng difflcult to read. These
lncluded forni-ts /110 and ,#11 where 7 vertLcal profllea were
placed on one"chart. It wae suggested that temperature and
dew polnt could be conblndd'to glve a low level tephlgran
prognostic for one time. Another Buggestlon was that no more
than 3 profllds be placed on one chart.

q) The cholce of only two ''baselLnes" for ttie vertLcal cross-
'sectl.ons in "DB 2" -nas consLdered unduly restrlctLve as the
basellnes did not usually fit the expected stora track. It was
suggested the ldeal sltuatlon wouLd be an lnteractlve system

- where any basellne could be selected Ln formats ll7 and ll8.

d) There was a consistent prefereo"" mong forecasters for
^ 3-hour rather than 6-hour QPF where mesoscale preciplt-

ation elenents could be followed. In practlce thls resul-ted
Ln a universal preference 'for Format /tl (FEM 3-hour QPF frorn
quebeffiE-EFse) rather than /i5 (FEjCASP 6-hour QpF).- Dtsplay.Format #1 was the most 

-popular of'all 14 recelved
(shown ln Ftg. 3A).

e) 'Interest tn QPF is also nanifbst in the frequent forecaster
,use of Fotrlat ll9, the b b 36 hour raln/snov rates. The

concept was easy for forecasters to visuallze and _frovlded a
contl.nuous readout at tlie 12 selected polnts. Fbiecasters
were-Gpressed by subJective post-comparieons between,'actual--hourly reports and the raln/snbw rites and changb-over.
Unfortunately the preclpltatLon rate tTequently went'off 

.

. 
scale ln naJor storms exceedlng 10 nn/6 hour.

f) There was consLderable Lnterest by forecasters from
. outslde the Marltlned (especlally those who.had worked Ln

Montreal) ln Fornat /12, the FnU thLckness and vorticl.ty
aqalysls at 6 hour Lntervals. Dlsplayed together these
fieldd'all<iw a simultaneous issessment of the two terms Ln
the guaslgeostrophl.c onega equation (Trenbreth, L978) and'
on aeveral occasions demonstrated very good correlatl.on
wttli the eloud fteld.

-8-
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ig) There were hardware problems at tlmes wlth the hfOS - pC-
- prlnter and the devlce nas s1ow. Desplte thts; there was

a strong preference for hard coples for brleflngs, for
archLves, and stnply to calculate and nodlfy for polnt
forecasts at YAI{ (Haltfax) and WSA (Sable)

h) Perhaps because of the avallablltty of many surface lsobarlc
prog charte and the faelllty rnost forecasteis have ln
nodtfytrfg .then synoptically, surface wlnd forecasts such as
Displays tl4 or /114 generated llttle Lnterest amongst fore-
casters. Ilowever, Dlsplay {1L4, a tlme cross-aectlon of
surface wLnd, was of some Lnterest ln sLte specLflc fore-
casts done for I{SA (Sable).

3.4 SELECTIVE VERIFICATION OF IDATA BASE 3I PRODUCTS

Because of forecaster interest in QPF preclpitatLon rate at
polnts and Ln the new fornat of tlne forecasts of preclplt-
atlon, wLnd, and temperature soundLngs at flxed poLnts, some
'verificatLon was dohe. They are attached as FLgures 4A to K,
5, and 6 respectlvely.

General comments arl.sing fron thls verlflcatl.on are noted
below. More speclfic connnents related to eleven lndividual
cases appear wlth the outputs dispJ.ayed ln Flgure 4 (tlne
serles precLpLtatlon rates).

3.4.f Spllt (Raln/Snow) Preclpitatlon Rates

a) Refer to Flgure 3D - DtepLay ll9 and Flgure 4.
Slnce directly observed preclpltatLon rates are not
norrnally avallable at observlng sltes on a relldble, ,' houriy basts Ln wl.nter, verl.ficatton provedEE6lt.
Further dLscusslon of these problens ls contalned
below. It nay be ln many caaes that, the forecast ls
Just a6 accurate as the uncertaLn observed data.' Even though dlfftcult to observe, precLpltatlon rate

. ts of crltlcbl lnterest to the pubLlc and an attenpt
' at verlflcatlon Ls essentLal.

-9-
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- b) Trends ln precl.pltatloh'Eeem qulte good, although
tlnlng is sometimes Ln €rror. Presunably lf an
upstream statlon tlnlng ls off (eg. VarDouth),
adJustnents ean be nade downstrean .(eg. IlalLfax,

' Sydney). 
,

c) There rras a tendeniy to forecast some raln nLxed
wlth snon a.t the peak of'a warn sector when none

- occurred (eg. YSU Mar 7 Flgure 4D, YFC lfiat 7

" Figure 48, YAI{ Jan 30-31 Figure 4A), but Ln
general the change Ln type (raln vs snow) was well

, forecast.

d) The FE-CASP preclpLtatlon rate progs tended to be
slow Ln forecasting onset-of. preelpLtatlon. (Slow
Ln 507 of cases and fast tri only 2OZ). Thls flts
the trend to elonness of pressure centres noted in" Sectlon 2.2.3 -and Flgure 1.

e)- Forecast prectpttatlon rate's run roff-scalet ln most
storms. Perhaps some sort'of inverse logarlthrnlc
scale" could be used whlch would be sensitlve to
llghter.rates but cotild "deplct current' roff-scaler'
amounts (> 10 m/6 hr) also.

. f ) Preclplt'atLon rate charts nere not avaLl-abLe dirrlng'i . TCASP| (downloaded, labelled, copLed) untll-'at least
12 hours after data tlne. By this tlne the nost
accurate part of the forecast had expired and the,'
remalnder iras downgraded. If the staildard rFEMi

output could, be used wlth punctual facslnile
output, perhaps this tl.ne couLd be.'cut to a more
accbptable 3 or *4 hours.

n'

g) RecordLng gauges rendln covered when temperatures
i are near or below freezlng. Thus raln, when nlxed

- with- snriw or lce,pellets, Ls not recorded contlnu-
ously. , (Ee. Ln Flgure 4K .and 4L)'.

h) Snow accunulatlng on the ground ls dtfficult to
., measure tri strdng wlnds'usually acconpbnyLng naJor

orns. (Ege. tn.t'lguie'4D and 4H).

1) Even ln- "raln only" sltuatlons,.accumulatl.ons are
only reported every few hours at best. (Eg. Ln
Ftgure 48). Precl.se verLficatLon ls eubJect to
aval,lablltty'-of ttpptng-bucket raln gauge tracea.

-10-



J) The observed preclpLtatlon rates as plotted on charts Ln
Figures 4A to 4K are sonewhat subJective. The tlnlng of
preclpitatLon onset or change from snow to raln should
be falrly relLable but rates are not.

a) Snowfall rates are"based on the falrly rellabl.e
relatlonshtp with vlstblltty but nust be subJect-
lvely adJusted tn hlgh wLnds.

b) Ra{nfall rates are based on lntenslty.(ltght,
rnoderatg, heavy) but wLth considerable subJectlvlty

' in the broad range fron ltght raln (R-) through
"R-INT}|T", 'RW-", to fR--r or tl,-t. Fog or mlst
Lnterfered with subJectlve assessment of rat"es
assoeiated wtth R- as well.

3.4.2 Surface l{ind Tine Series.

a) Refer to Flgure 3D - Display /114 and FLgure 5.
The wlnd forecast for Sable Island for the three

' cases tested was qulte impressive. The trends for
Jarr. 24-25, Mar. 2-3, and llar. 7-8, were quite good.

b) Tlnlng was 2 to 4 hours slow for all cases, a trend
which was noted prevlously ln Sectlon 2.2.3.

' c) The forecast error whlch develops after 24 hours on
Jan. 25 ls somewhat of an anomaly. The offendlng

" meso-scale surface rldge lies over Sable Island
(I{SA) at Jan. 25 L2OOZ. Forecast and actual
pressure charts are inclubed tn Ftg. 5.

I

3.4.3 Temperature Vertlcal Proflles

a) Three examples of 24 anil 36-hour forecast temperature
profiles for Sable Island are shown Ln Flgure 6 al.ong
wlth the verlfylng soundlngs. A11 forecasts appear to
be too warm and dtfferences are so large aa to suggest
that they would not be rellable enough for routl.ne uae.

- 11,"-



b; In Flgure 6a, the 36-h forecast eoundlng for L?OOZ
January 25, ls-lOoC too warm below 930 nb and perhaps
suggests too much heat flux frorn the water as cold air
was belng advected over the sea.

4.

c) The fore'c'ast proflles frorn 00002 February 5 (Flgure 6b)
and 00002 Mdrch 2 (Ftgure 6c) suggest that much of the

* error was due to the slowness of'the FE-CASP to advect" cold alr behind a surface low. In Figure 6b, for
example, the 24-h6ur proflle verlfylng at 00002
February 6 was forecast quite well; however, the narked
cooJ-lng whlch took place"between 00002 and 12002 was
nlssed. Slntlarly, ln Flgure 6c, coollng that was
forecast to dccur between 00002 and 12002 on llarch 3
ltaa actually,-we11 underway tn low levels by 00002.

CONCLUSIONS

The |FE-CASPT numerical inodel proved to be veiy conpetltLve wlth the
FEM and other nodels ritttr re6pect to. the parameters whlch were
verifted, Le., central pressures and pbeltlons of lows and precipit-
ation accumul-atLons. Ilowever, the" rFE-CASPT dld not demonstrate any
superLorlty ln forecasting these parameters.

Through the speclal dlspl-ays of rnodel output, dhe fFE-iAsPt. dld
demonstrate the abtltty to forecast, wlth sone accuracy, certaln
snall scale detall, par.ticularly ln the, preclpltatlon. Slnee
sinllar special dlsplay products generated from other oodels' out-
puts were not avallab].er'however, it ls not posslble.to say wlth
certalnty that such. mesoscale detall would not have been posslble
fron the FEM. However; lt was evldent fron the 3-hourly QPF charts
generated by the FEM and avalIable ln the Quebec Data Base (see
sectl.on 3.2.1), that,a certaln amount of snall scale detall, not
seen on conventional products, ls aval.Lable fron the FEM.

Many of the speclal dtsplays whlch were available, proied to be
extremely valuable to the operatl.onal forecasters durlng CASP. In
partlcular, the tlme-serles displays of preclpitatlon rate (wtth
dlscrlnlnation between rain and snow) and the 3-hourly QPF charts
vere found to be useful ln preparlng Lnland forecasts, "while time-
serles displays of wLnds were helpful ln preparing sLte speclfLe
marlne forecasts

On ttre other hand, temperature proflle forecasts from the tFE-CASP'

dld not demonstrate adequate sklll to warrant operatLonal conslder-
ation at thLs tlue.

- L2'-



5. RECO},IMENDATIONS ' !

Based on the above concluslons the- followln$ two sets of
reconmendatlons are.made. The firsi deals wlth ltens nhich
could be lnplenented imedlately, whlle the second eet deals

.-wlth recomended dlrectlon for future.research and development.

For lnnedlate conslderatlon lt ls reconmended that:

(1) Experfunental Guldanie should be supplted to Atlantic RegLon
Weather Centres as fol-lows:

a) Spltt preclpitatlon rate charts (Figure 3D - DtspLay {t9)
for selected sltes.

. b) Surface wlnd (onlt !d.nd stress) (Figure 3D.- Dtsplay #14)
for selected marine locatlons.

c) 3-hourly QPF (Flgure 3A - Otsilay /11) as received at
CMQ, Montreal (8 Maps).

(2) The rFE-CASPT (or equivalent hl,gh-resolutlon versLon of the
FE nodel) would be the preferred source model, but only lf
l"t could be run Ln a reallstlc operatLonal tlne frame.
Otherwise, the coarse FEM shoul.d be adequate for the purpose;
however, tests would have to be conducted to ensure that the
coarse nodel ls able to provlde realistlc detall.

(3) The'Guldance should be
as posslble after data
dirnlnlshes rapldly as

made avallable twlce ?afly as qulckLy
tlne (the forecastsr advantage

they are delayed).

(4), Thts gutdance should be received automatlca$y; preferably
ln hard copy.

(5) Fornats should be clearly labelled. Inltlally the
changes are suggested:

a) PreclpitatLon rates should remaln on scale for
. extreme events.

b) I{ind epeeds should be ln
required.

tknotst and wind stress ls not

(6) 'Monitorlng and.veriflcatlon of these charts should take
place as TODITT projects at fteld offlces re-celvlng the
guidance wl,th contlnulng feedback to CMC.

f o1.lowlng

all but

-"13 -



. For further. research and developfient, the followlng sugge-stlons
a'rdnad'e: ' " 

,

(7) A h.igh redofutlon model would appdar deslrable for AES
' weather centres.* I{owever, there.ls alsd bcope for conslder-

fFe.- 
l,mprovement ln slnoptlc scale nunerLlal forecastlng of.

'exploslve"'wlnter stoins. Further developnent should have,
Lmprovements in bcith scales ai.a conbl.ned gga1,.

(8)_ Prtortty should be glven to provl-ding such an Lnfroved nodeL

. .to the.weather centres ln an operational tibe frame. ideally,
forecasts out to 24 hours from a high resolirtlon rnodel would' be available at a weather centre wlthln 2.5 houis of data

- tLme. Longer range guldance (24-28 hours and beyond) fron
- a coarser re'solutlon nodel could follow as late ae 4 hours
after data tlme 

i_
!

ra. -

N

{r'

t.
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AN EVALUATION CIF. MODEL F.REtrIF.ITATIBN FOHECASTS

FCIR STATIONS! YFtWr WSA, YYT; FEB. I T0 MAR. 15, 19A6, BN DAVS- (e4HR
ENDING lEZ) hJHEN 5MM CIR MBRE F.CF.N FELL, tdHICH MODEL EF.F (14. TO 36HR
AMCIUNTS) WAS:

::5:: : ::I::I
I

9 FE-CASFI g

T CMC FINITE ELEMENT C1

I

EE trMC SF.ECTRAL C'

4 UFS.- NGM 7

ge FE-cAsF 4

I

EE CF{C FINITE ELEMENT 1I

3E CMC SF,ECTRRL 4

19 U. S. NGM 4

==== = i=== == === == = = = == = == = = = = = = = = = = == = = == = = = = = = = = = == == == = = = = == = = == = =
ON DAYS I^'HEN MEASUREABLE FICF'N FELL OR WAS FORECASTED, WAS A
GIVEN MODEL ! --'--------

!

!
I

4t FE-CASF 19

3C) CI{C FINITE ELEMENT 4g

53 CMC SF.ECTRAL 1{]

s(t \ U. S. NGM t7

FIGURE E

TOO DRY TOO WET

-L7-



El
H
UI;
R
o
H
N
E
l'l
E
H
T

c
R,
N
ft
D
A

F
r.!
uI
n
o
H
1,1

E
H
T

c
rt
FI
R
D
A

E
N
UI
R
o
H
N
E
Fl
E
HT\
c
A
H
fi
D
A

IE
ll
UI
R
o
N,,
t,l
E-
N
T'c
A:
N.R
D
A

s*,to}'%frf-
''L',tl [;i,l ffi

;lfiilf,
IIl;1il
-,st.fr'H illfrlil

I
ltli 'itit Jtl
sl ul [,{I

.!lt'il

I['llH

,
le6

"" FIBURE,SR

- 18'-

" .-***
i*-. I

****"*I*t'gl
\****L- r 1

DISPI.AY {I2



E
r0

lrl
0a
3
(9
FI
lL

Fl3:>s-.8+==LiEi:ltEr U<r=€ft{i

&l==l..fi+==t::===i.q ij€r€Jl€

Flt=rr#SEEFriHr U€=€6€

gE3>rt*=F:tslE'i.*=Fr U€g{l+{i
I

w.> fl+r

gg;lxtrozllhluir u€grs*€
F*E==#+==14=b!Ei< +€g€*€

Fl
m

!
+

tr
?E
$zgt
\
!L
FI
€*,F'
\t
.F
'Lo
l(
Fr
€

!t{
-l-F
'EI
-uu
€
LuL

t

a4

A
g?*.FI
.F
I

v
\IF
-5g.
v
H
tl,(,
k{

lsr'fr
:ul

I

t

I

,ua

ill
C'\
F{

I

Ct I'r
gl Fl
\HrfLtl ul

F;

at
ti
H
c

H
.tr
iF*J€$l
rii:ts
r.i

a

trtr(.t
r.i*5
h
l-r'

'i
+.

' sil
' l'tAFI

fd
F5r{_
e
-

.l

Ff
=4.rV
FI

-ti,taaa
&.s

hlEDxf,e==:i=H U€E€tr€

FI
trt

t{u
{!hE
-I
-&
+

iEt
HFI

-U,
6I{
HFI
*
l:
6
!F
-



E
ff
Ut
Itl,tfio
ItES{

El-t
7l!

tr
-t !cu5t{
l+l fn-ftln F"
dv'fl

t{
6r
$.fr

R

Eltal
UI
FT

o
*{
N
t-a
t.E

x..t.tlt
T

c
A
t{
{l
I\l+
fr

ulm

trt

T
-l
EI

..=!- t-lr}
=.tn

(T
IDI]
l5D
s6D
Ltjt

300

4DD

Ell
uI
R
o
N
H
E
N
T

c".A
H
A
D
R

tfitHn )i-$fiT (!{t-{oT$!" pf:r$rl',lrf;E il

ULF-leU 3r' 4/&tl
-TS) dr [,nLil x-$f,T{DaG C} rifiSliLl$rm

ULD-.l.Zit 3f 4r'{}tir

FIBURE 3C

4DD

5DD

E
H
UI
R
o
N
H
E
H
T

ftn #-r)
IDI]
150' 300
g5D
300

IDDTI

F: B1/5e
CAsP

TDOB

tr': 15/52

IDD

B$D

c
A
H

" 
,A

D
ft I

I
!

t=

_@
I DTSPLAY /t7l

-.-t

-'.20 -



F'ECSTSP T-SENI E5} . S,I}LTT PCFI FftTES
PCF ETEs(fiN./6H} SIJH HRR O3 8E. OO2

FNCfiST} L{TTENT
CollLtr COt{t,(K/5EC}

EL*F::5E
113.7, -5S.8 $'t B g

/?2, 3/ A/$6
F']TCf}$P, TURE:UL

HIHG TIIIE-X$ECT
Sutl tlRR ('3 E€. O0Z

tu
iq
I
tda
N
;

l0 M:s;lurlr.q1

$T.5.

gsl:;g'16

*E -ffi=i f [=_
E.

!
tl

r'l
tl
ltIttl
I l$' ---

ti*l
1.1,1

i; ii
itnif
s:lti$
trrd

ss
ffi
FJIrqt
lr,qrts.4
4i.:lj
1:.2i::t
;t.l::a!*iiilt-l

!r
F.,
l*1
|r-

Lrl :l.girj

3
l./l
t1 .:rr'ii'r
Lrl
tE.

fl

I*li" +.
f;

il

-[* r
fl

f,

fl
r'r {*- o

a
a
!:l.f
a
d-O' 5 lO tg tt, t5 ifi 35 $t'

+3.r, -ss., 
ttfltiort'g;lt fTry l

izL/72 3/ 2{96 00u
FEC*SP T-SgffiI E$ . S,IO[ ST . Ftr{OF'T LE$HunrDrrt 5ut{ nRE 03 gE ooz

'::'r,i ll

:rir"l

:.;: lJ ij

8.

€LfiP5EO HSURS

T+.5, -E:{.3 -{'f, * I LR|{E
/72
rECA$P T-SENI ES . SF'C HTTN/STRBSS

uE{n./sEc) Fo(pR} suH nfin 03 e€. oot

,,.,i,''1' 
tf

Iir. !
I
I*r1.0

r'o.s
i'o.6

-,,["0.*

lil HF,-o 5
- ELFIPSEI. HAU;i.S

$3.2, -st.'r dc B r ::EB

TUHTTIJI,ENCE T I f{E-XSECT
{ng./531 gUl{ HBR'O3 SB FOZ

FIGURE 3D

I
q

t.J
-!.8 +{

;

E

i tL4/?2 3/ 2,/9,6 tNAu,

TECSSP T-$N:RI E$ . TEPTP.
IEIIF.EFRTURE sUI{ NRF:

r.l t-r !':fr t.[ :.:'r.J i::'j
i F li.f,:ll!l'i1'1

-63.3 -Cc r I LRHr'

!r:r .J.r:rr-t .1.1.i.|

DISPIAY 
'I1O

PSOFI LgS
r-r3 SE O0Z

ilfrHrillllilt!!il{. fl7ilil

f lllr

::.lr r'i
zti
i::
it I

Lrl:!:Eir
rd
I
tn
l.ft qlifi'bt '-'
dc
dL

'_nSrlr

s

#1",.;;:

i ':E:l-lIUi i:{.g.*, -?8.6 lA't g I tEn
3/ 3,/8,6 {l}f}U

DISPI.AY ./I11

f7'e

-2L-

C. t!,

NUUAJ

5tsft DISPI.AY /I12

30 
Htffi_T#fi.iiiliiflrn*r"r'i'f ''*r'-,*.-. ffi ; . itr*Y*o"i-[ffi] r\ "i"

3/ iElA$



."SPLI T
THU 'lHN

PCP RATE$
3B BE trtrz*,e#+qf,r}E

P
trl

4

E
r{"
UI
ffi
s
${
ffi
ffi
sdr1]

T

lr
attQ- v5- frl--

b
tn2
Fz
;
2
tn
J
s
b

r/e*,Fr
ar-.9'
-l

r ct{ 5t{od + I
q6LSUf.€0

|rqr

c:
ft
F[
s*
ffi
ffii

tlpn

25-ff
6*
NIL

4q .5 _

B5 IU" 3gl 3H
t-'t fr_ Ilh irr i- fllr.Lnrfl*uJ-83,3 - E-t +' 

$'/ffi&1i"rffi6

r':P I-" -lr fq' -h F" ;4 fq Lr
f- g sr ilJ i:r =x n* t-x

I.Iffi[JtrS
E Lril.ln Hnurnx(vlw)

A.
. Flgure 4l - itue.serlee Spllt Preclpltatlon-Iiltes

Shearwater, Tlme Zerb - OO6OZ 30 Jan. 1986
f'

i

The "Fd-CASP' Model 'forecaet raln,nlxbd wlth the generAi enowfall ae a
deepenlng low passed 3 degrees eouth of Hallfax (YAt{) late on January 30.
Actual preclpltatlon wae all ebow. Thls errbr waa typttal of the nodel
Just north of the eurface low centre or frontal wave. (See 3.4.1 C).

The onset of snow wae forecast 4
Eallfax. Thls was attrtbuted to
(180 aautical nlles) faster tn 36

ffiffi8

hours late and 'the end'7 hours lAte at
ihe system moving 3 degrees latltude
hours than forecast. !
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Flgure 48 - TLrne Serl.ee Spltt Precipltatlon Rates

Sable Islaad, Tl.ne Zero - 00002 2 Uar 1986

The ialn actually began'about o2z on March 2nd ae forecast. Thle ral.n
wes reported as RI{- ln the "SA" hourllee. Becauee of lorlevel coollng
the rain wae "freezlng" at IOZ and 112. Slgnlflcant accumulatlone of
ral.n apparently contLnued untll at leaet 162r'March 2, Judglng by.
accumulatl.ons from gauge traces noted lnterulttently on rSAr reporti.
These accumulatl.ons are noted horlzontally below the fTLnet co-ordinbte.
The dotted fguestlon markr lLne ls lntended to suggest that the raln rate
wae llkely htgher than the good vlsl,btltty crlterl.on lndlcated. The pale
grey forecast raln rate trace changes to a dark grey snow rate about -

March 3 ol-z (at hour 25). Thl.a changeover ls only 1 to 2 hours later
than actually occurred wlth one mlle vtstblllty ln ltght Bnow obeerved
at 232 and 002. In thls case the onset of raln, the slgnlflcant rates
fron about o4z to l2z, the very ltght perlod about 15 to 182, the second
heavl.er perlod about 222 to 242 and the Lrornedlate change to snow and end
of gnow were all qulte well foreceet.
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t

Although the aetual raln was reported 'as-stirtlng before 132, reported
accumulatlon didnrt begln''unttl aborit'172. Thle flts the forecast oneet
of-ral.n iutte well. The end of contl.nuoue ral.n at about OLZ of Day 2 was
yery well forecast. Even the 2 m whlch fell 2 to 4lhours later wae
auggeeted by.the gradual alope to the forecaEt ral.n trace from 25 to 30
houre after ttlme z.erof ; .. .
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FLgure 4D - Tftne Serles Spltt preclpltatlon Ratea

Surnnerslde, Tine Zeto - 00002 22 Feb. 19g6

A11 nuuerlcal nodels were elon Ln forecastlng motlon of thls storm and
thue. lt la not strrPrlslng that enow aetually started 2 ot 3 hours before
lt was predtcted. It ls lntirestlng to note'that the actual break in
snow about 05-062 ls reflected as a forecast mrnluua at 09-092.

Wlnde at Sumnerslde (YSU) remalned under 10 knots untll 122, then Jurnpedto 30 knot6 ftom L4z onwarde. The remarkable Jnrnp La wind epeed was
accompanl.ed by !.owered vletbtlttles and an additlonal 5 cm. Bnort
Eeasurenent over an I hour perLod up to 222. The forecast, hovever,
ehowed anowfall vl.rtually ending by 15-162. rn thl.e case there is a
eusplclon that the forecast snowfall rate Bay have been Dore accurate
than the observatlons. (3.4,1 a)-and h).
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The enow was well"forecast fn thts case albeit earl!' ld the t{Ee perlod.
An lnteg'ratlon"of the precipltritLon rafe over the flrst 10 hours of the
forecaet would'yteld approilnately 15 rnn (15,cu snow) ghlih flts the '

obeerved data well. It-ls questlonable'why vlelbtlltlis overnlght never
fell below one nlle iven- though,11 co of enow was obseived to fall tn
9 -houre;

I
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FLgure 4F - Tine Serl.es Split preclpltatlon Rates

Sheanrater, Time Zeto = 00002 22 Feb. 1986

the iFE-CASP' rnodel dld not forecast the occurrence of enorr et the onset
of thle ral.nstorm and the brtef perlod of enow at the end wae forecaet
much too late. Thls nodel does not attenpt to discriulnate between raln
and freezlng raln.

Ttre ndderate to heavy rain whtch fell between 092 and lr4z (3g 'n) wag,
forecaet about 3 houre too slow, but the Lntenalty eeemed good. rt ls
unfortunate thst the forecaat rate wae off ecale for 6 hours.
(See 3.4.1 e)).
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the onset of raln was forecast
2 hours too long. The duratlon
mogt rFE-CASPT forecasts.^.. (Eg.

f

very well birt lt was predlct€d td .perslst
df preclpltatlon was a llttle too long La
Flgures 4A and 4K).
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Fl,gure 4tt - tine SerLes Split preclpltatlon Rates

Surnrnersl.de; Tlne Zeto = OOOOZ 07 Mar. 1986

I

The heavler ano\t began and ended (as usual) a llttle Booner than forec8gt.
(The 36-hour tFE-cASPr fore'cast of the related surface low wae 2.to 3
degreds latLtude slow). The actual track of the eurface low croesed
Eastern Prlnce Edward rsland. rn thls case, the tFE-cAspr uodel (ae
usual) forecast eomi ral.n to becone ntxed wlth the Bnolr near the tlp
of the warn sector, but no ra n actually developed. (see 3.4.1 c)).
The occaslonal perlode of llght Bnon occurrLng after 24 houre were.
forecast' although the tinlng was understan'dably Loprecl.se toward tfr"e."
end.of the forecast perlod. Betneen 19 and 24 hours frorn Lnltlal tlne
the actual snowfall rate estlmated fron vlslbtltty .observatl.ons"l.s
probably too"hlgh as cloud was ieported as scattered. Thus, the in-
sLgnl.flcant forecast rate durLng this pertod ls probably reasonable.
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The snow'arrl.ved later-than forecast"Ln Fredbrlcton"on Mrirch 7. Thls
unueual sltriatlon le probably related to a eecondary ientre developlog
eouthweet of Nova Scotla" and the resultant elowlirg and weakening of the
prl.nary.(old) centre ln,the St. Lawrence Valley nore qulckly thaa

"forecast. :The passagb of snow assoclated wlth the weakenlng prinary low
ls both"for6cast and observed from 24 to 36 hours.although the tl.ulng 18-

;lnpreclee.as lrould be eipectld tn ench a dellcate synoptlc el.tuatLon.
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Thle appeara to have been an outgtandtng forecast Ln terms of start and
end of naJor preclpltatlon and especlally ln terns. of change fron snow to
forms of ltqutd preclpltatlon at 10-112. (presurnably lce pellets (rp)
count as raln ln the rFE-CASP| spllt preclpltatl.on rates).
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The ladenese of the foreciet onset of snow (by 2 hre), the ehange to
llquid iorns (by 3 hra) and the end of raln lby a-5 hrs) Beeos to
lncrease wlth tlne. The raln whleh occurred frou 35 to 40 hre after
lnltlal ttni ler-oi cotrrse, beyond the 36 hour forecagt.range ln such
cl.rcumetancis. ftre ttattfax'(Shearwater YAW) rain .gauge trace
lll0stiatee the great d-tfficulty ln ver!.fylng forecasts of ulxed preclp-
ltatl.on. (Sed 3.4.1 g)). It also conflrna the sholrery raln whtch fell r

after 36 hour-s fron lnl.tlal tiroe (te. after.ltar" 11 12002).
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