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1. INTRODU CTION

The initia l involvement of Meteorology Internationa l incorporated

with ana logue prediction techniques developed out of years of asscCiat lon

with the FNWC Optimum Track Ship Routin g (OTSR) System. During this

association it became apparent that the qual i ty  and timeliness of the

product , based in pa rt on analogue techniques,  le ft much to be desired

fro m the point of view of operationa l ut i l i ty . Existing analogue selection

and compi lation techniques wore crude and , in terms of computer processing

time , were cumbersome and costly.

Confronted with th is  s ituation , Mu became directly involved in

analogue research and development as from January 1973 with the obj ective

of devising and implement ing an analogue selection scheme which was both

rapid and based on comprehensive and realistic selection criteria . As the

sy stem was developed and its early capabilities explored , it beca me

apparent that analogue selection based on the total hemisphere could only

be useful  in the broadest terms because of the great var iabi l i ty  iii synoptic

patterns occurring simultaneously over the hemisphere . (The data base

required to provide a reasonable number of good analogues if trying to

match the hemisphere as a whole is far greater than that avai lable .)  Because

of this  variabi l i ty , even the top—scoring hemispheric analogues had l i t t le

relevance to any operationally—significant analogue forecast for a loca l area

such as the Mediterranean Sea . What was required , of course , was the

ability to focus on any pro—selected region , taking Into account , when

selecting analogues , only those essentia l features of the space and time

scales of the atmospheric disturbances likely to affect the region during

the objective period of the forecast.

The first effort s aimed at reg ionalizing the analogue selection

system were carried out on behalf of NEPRF for the Mediterranean region;

— 1—



I
subsequently , further work was performed for FNWC directed toward the
eventua l goa l of a multi-regiona l ca pability ,

These first efforts laid only the foundations of the Regiona1j ze~Rapid Analogu e Selection System (RASS); further development work was
required . This requirement was recognized and in June 1976 , under N CPRF
sponsorship, MII was awarded Contract No . N 00 22 $— 7 6- C—3 189 to continue
with the development of RASS with specific emphasis  on its app lication to
the Mediterranean, Under the terms of thi s Contract , the work was to be
carried out by the performance of Tasks 1 and 2 , the obj e ctives of these
Tasks being detailed in Section 2. Task 1 was finished in December 1976 ,
an Interim Report being delivered to NEPRF on completion . Task 2 has now
been completed , and this Fina l Report presents the methods developed arid
the results obtained in ful f i l lment  of both Task 1 and Task 2 .
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2. OBJECTIVES

The overall pur pose of this project was to improv e the re g ion a l i :~ed
rapid analogue selection capabilities with emphasis in the Medi to r ian ean
area. The specific objectives of the work were essentially as follows:

2.1 Task 1

a. Re-examine and modify the components presently used in the
regionalized rapid analogue selection scheme .

b. Design an optimum storage configuration ~nd construct a new
history data base to incorporate necessary ata resolution r~
while s ignif icant ly  reducing total data tape handling in the
current data base of 28 years.

c. Compute a climatology of each component field in addition to
the history base.

d. Develop techniques which provide effective measurement of
both large- and smal l—scale  characteristics in both space and
time of the component f ields.

e. Design selection techniques so as to be pertinent for ana logues
covering the Mediterranean region , but with capabilit ies to he
modified for any predetermined region in the Northern h emispher e .

1. Producean operationa l program to be run on the Fleet Numerical
Weather Central (FNWC) CDC-6500 computer sy stem.

g. Design methods for both tuning the regionalized rapid analogue
scheme and for verification .

h . Write an interim report for the interna l use of the Naval
Environmenta l Predict ion Re search Facility.

—3—



2.2  Task I

a. Expand upon the work initiated under Task 1 with increased
tuning of the program.

b. Thoroughly demonstrat e  and ova lu a t o at  least two historica l
periods using data furnish ed by N EPRI’ .

c. Design a continuing pt~~~r am t er  ven t ~cat ion s ta t i s t i c s  of tb ~
regionalized rapid aria loqut ’ scheme .

d . Produce a f ina l report to confor m w i t h  MI L— S’i’D—$ 4 ~~ , l’orma 1

Requirements for Sc ien t i f i c  and Technica l Re pent s i’ieparod by
or for the Department of De louse , $ 1 Tan 1973.  The r e sul ts
of the de monstration and ova lua t  ion of the historical period s r
should be presented as case studios .

—4—
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3. THE ANALOGUE APPROACH TO ENVIRONMENTAL FORECASTING

3.1 Terminology Used in This Report

A METEOROLOGICAL SITUATION , defined as occurring at a fixed point in

ti me,  may be represented and comprehended by an assemblage of

SPECIFYING PARAMETERS .

A SCENARI O is a METEOROLOGICAL EPISODE or SEQUENCE , defi ned as a

(normally brief) time-connected series of situations. The specifying

parameters involve time .

A METEOROLOG ICAL EVENT may be either a situation or a scenario , as

defined above . r
An ANALOGUE is a meteorological event selected from historical record s

as being acceptably similar (according to pre— established criteria

involving the specifying parameters) to another event.

The BASEDAY is the meteorological event for which analogues are to be

selected. For forecasting , either the current situation or the

current scenario would be used . For hindcastlng a baseday event

would be chosen from historical records.

The ANALOGUE CANDIDAT E is the pa rticular event being compared with the

baseday to assess its suitability for selection as an acceptable

analogue.

MATCHING is the process of comparing the chosen baseday with all analogue

candidates in order to select analogues . Matching is performed by

compar ison of corresponding specifying parameters .

The ANALOGUE SCORE is the number assigned to an analogue candidate as

a result of the matching process , this number being a measure of

the overall degree of matching or similarity .

-5-
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P ERSISTENCE FORECAST . A forecast method ba sed on the assumption tha t

meteorological conditions during the forecast period remain

u nchanged from those prevail ing at the beginning of the forecast

period . A persistence forecast may be taken as demonstrating

zero skill , thus providing a basis for determining the effectiveness

of other forecast techniques.

CLI MATOLOGICAL FORECAST . A forecast regarding the future value of a

meteorological parameter , couched in terms which relate stated

ranges of that parameter to their  percentage probability of occurrence

during the forecast period , bas ed entirely on stat is t ics .

DETERMINISTIC FORECAST . A forecast which gives only what is considered

to be the most probable future value (or narrow range of values)  of

a meteorological parameter.  In general no additiona l information

is provided by which to assess the actual probability associated with L
the forecast , this  assessment being left to the user—-a process

requiring considerable experience on the part of the user . A

deterministic forecast is therefore an incomplete statement of

available information.

PROBABILISTIC FORECAST. A forecast expressed in terms which distribute

the full probability ( 100%) over the entire range of possible future

values of a particular meteorological parameter. A probabilistic

forecast is therefore a complete statement of available information.

3.2 Discussion and Outline of the Analogue Approach

3.2 .1  Genera l Approach

The analogue approach to meteorologica l forecasting is based on an

ability to recognize significant degrees of similarity between events which

have occurred in recorded meteorological history and the current event .

—6 -
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An h i s t o r i c a l  even t  iocoqni . ’ed as bein~ an ac c e p tab l y  close m at ch  to the

current event ion to another chosen h i s t on i ~’a I even :) is t ent i ted  an “analogue ” .

The underlying premise is t h a t , gi ven s u f f i c i e n t  and re levant  s i r n i h i c  i ty  , an

analogy may be drawn between what did fe l low from the selected his tor ical

events , and what  wi l l  fo l l ow from the  current t V O t l t

~ss um ing th is  premise ~s accepted , it f o l l ows  that  a ny ef r o c t  ivo

analogue forecasting system must  include the f o l l ow i n g  basic comp onents:

a. A methodolog y for interpret in g any meteorological event in

t e r m s  of rel evant  speci fy  in~ pa ra meters .

b. A data base , expressed in terms of the s p e c i f y l n L  param eters

which is su t f i c i e nt ly  large to ei ~ompass :ht ’ r ange of s i g n i f i c a n t

va riabi l i t ies  which have occurred in meteoroio~~1cai h is tory and

which may possibly occur ~w i th i n  reason) during the forecast

period .

c • A syst em for comparinci the se lec ted  met eoro loa ica 1 event w i t h

a l l  others in the data  base in c id er  to select aria lociues . in

practice of course, any practical scheme will find degrees of

si milar i ty  rang ing i~eni very cicod matches (hopefully ) , to very

poor matches.  Thus the matching technique must incorporate

a scerinci sy stem , a l lewinci  the analogue candidates to be

ranked in order from the best fi t  to the worst f i t .

d. A method ci compiling a forecast f rom the selected analogues

and their ensuing scenar ios .

Note : As far as is known , no attempt has been made previ ously

to select analogues based on a baseday scenario , onl y

on a baseday si tuation.  The abi l i ty  to match scenari os ,

described in this Repo rt , is a development unique to ~~U.

—7—
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In essence  th e  ana l ogue  a~~prcach is one i comp i l ing  a day—by—day

“ so ect tv e  cl in ia to iogy ” — — t h e se lec t ion process e l imina te s those developments

un l ike ly  to ensue (based on et orclo~;ica l h i s to ry )  f rom the current scenario

or s i tuat ion , choo sing only those development s which , in the past , have

evolved fr om events s imi la r  to t h os e c u r r en t l y  t ak ing  place . Clearly any

S k i l l  used in selecting the ap p r o p r i a t e  developments  and from them compil ing

a day—by -day “ c l imatology , must  provide a more sk i l l f u l  probab i l i s t ic  r
forecast  th an using the complete c l i m J t o l o L ~y which incorporates a l l  scenarios,

includi ng those recognizable as being un l ike ly  to evolve from current events.

If an analogue selection system fai ls  to demonstrate this  increase in ski l l

t hen it follows tha t  the design of the system is such that no sk i l l  is being

used in the overall selection process.  :

As envis aci ed by Mit , a major  use of a successful  analogue forecast ing

sche me lie s in the compilat ion of extended ran ge fore c as t s -—say  from 3 to 10

days.  Out to 3 da ys the various numer ica l  a n a l y s i s  ~ nd forecast models ,

aided by the subj ective ski l l s  of the experienced forecaster , demonst ra te

cons iderable ski l l  over persistence or c i i n i a to l oc i y ,  this  sk i l l  decreasing

rapidly with lapsed time; after  about 3 days any determinis t ic  skill  can only

be expressed in gross terms.  Although not d isplaying the ini t ial  ski l l

available from numerical  models , the probabilistic ski l l  provided by an

effe ctive analogue system should degrade more s lowly  with t ime , providing

more meaningfu l forecasts than numerical  models after about 3 days . \Vith

current technology and understanding it seems unl ikely that any operationally

significant  forecastIng skill , superior to say a monthly climatology , can

exist much beyond 10 days , al though it may be possible to provide “ trend

forecasts for longer periods.

Various analogue forecasting methodologies have been designed

using the four basic components outlined above. Meaningful  comparison

of the effectiveness of these systems is made di f f icul t , if not impossible ,

by the fact that the objective of each system usually differs from that of

—8—
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other systems . Howe’ - -
~~:, none has demonstrated sufficient skill to warrant

their sustained use in any operational context without fu rther development .

3 .2 .2  The Mu Approach

3.2.2.1 Regional Focus

Most weather elements of operational significance (e.g., winds ,

waves , clouds , precipitation , fog , etc.) are the result of synoptic-scale

disturbances in space and time. On this scale the range of variabilities

encountered on a hemispheric basis is so great that the available data base

of meteorological history (30 years) is insufficient to provide analogues

unless the selection criteria are made so coarse that synoptic-scale

disturbances play little part in deciding analogue selection. As mentioned

In Section 1, the alterna t ive approach adopted by Mu is to focus on a

region , such as that determining the meteorological event s affecting the

Mediterranean Sea , making no attempt to match Irrelevant externa l events.

(It will be appreciated , of cour se, that to produce analogue forecasts for

the Mediterranean Sea , a region considerably larger than the Mediterranean

itself must be considered.)

3 .2 .2.2  The Available Historical Data Base

The Mu system for analogue forecasting has been designed to

exploit , on a reg ional focus basis , the Information and resolution contained

in the available history of synoptic fields. The available archived records

consist of six component fields for the whole of the Northern Hemisphere for - -

each date—time group . These are the three component-ra nge—of-scale 1 (SV ,

SL and SD) fields for the 500-mb and 1000—mb height fields.  An additiona l

three thickness fields , one for each scale component , are produced from

the 500-mb and 1000-mb isobaric fields as differences. Each of these nine

fields is expressed by a 63x63 arra y of grid—point values oriented as shown

1See Appendix A.
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in FIg . 1. The 30 years of avai lable  history with intervals of once da i l y

and twice daily coverage is summarized as fo l lows :

JAN 1946 — MAR 1955 once dai ly

APR 1955 — MAR l 9nO twice da i ly

APR 1960 — D I C  19~ 4 once dai ly

JAN 1965 — DEC 1975 twice dai ly

As discussed in Section 8 . 1 . 2 ,  a more extensive data base is re qutre d

to take ful l  advantage of RASS—— In pa rt icular , more frequent  ana lyse s  a t e

required to ca pture the smal l—scale  (SD) var iab i l i t i es  of the a tmosphere .
I

The gridded f ields of this data base are not , of course , in t he form

required by RASS; one of the tasks  el’ask 1 b) of t h i s  Project was to construct

a new history data base for use by RASS . (See Section 5 . )

3 .2 .2 . 3 The Quick Screen

- 

- 

Any synoptic s i tua t ion Is repre st nt ed by the appropriate sot of t~

gridded fields discussed a bove . The fundamen ta l  component of any ana loque

selection scheme lies in the techniques used for r epresent lnq the ba sodoy

and analogue cand idate , th u s a l lowing comparisons to be mode and scot -ed ,

and analogues selected . Various approaches can be used , all of which

attempt to capture the essent ia l  pattern ch o c a c t er i st  ics of the h i  slot  ica I

f ields.  Any approach should take  into account the variat ions in re so lu t ion

required by the different  scales of atmospheric disturbance ( i . e . ,  SV , SL

and SD) . Also , the techniques used must be rapid enough to scan through

the tota l history in an acceptable time without sacr if ic  m c i  (in the I n t er e s t s

of speed) any of the necessary detail required for effective analogue

selection .

In an attempt to speed up the  selection process , on ear l i er  ver sion

of the Rapid Analogue Selection System incorporated a pr el iminary “Q uick

Screen ” process for producing a much-reduced list of potentia l analogue

-10-
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candidates. Having passed the Quick Screen criteria , these pote ntia l
analogues were then assigned a fina l score using a functional  measure
which determined the proportion of baseday variGnce explained by each
analogue candidate (Fig . 2a) . The Quick Screen technique was based on
a special bit-coding of component fields , designed so that the Count of
matching bits (baseday compa red with analogue candidate) gave a measure
of pattern similarity .

The Quick Screen was found to be so fast and effective at giving
a preview of the final  scores that it was realized it cou ld be expanded in
comprehensiveness to do the entire j ob of analogue selection . Quick
Screen provides absolute measures of pattern similar i ty  rather tha n the
relative measures afforded by correlation coefficients or our functional
measures. It can also give the regional distribution of pattern s imi lar i t i es
for any component characteristics and degree s of resolution . The f lex ib i l i ty
of the design readily allows analogue selections to be made on a regional-
focus basis 4’ u t i l izing data base subsets fro m the ful l  hemispheric  coverage.

Essentially, this particular component of the overall Rapid Analogue
Selection System consists of an expanded , comprehensive , and very
flexible Quick Screen process. If presented with current or other weather
pattern s (Including scenarios), it can scan rapidly the data base and
determine whatever similar weather patterns may have occurred in a history
going back 30 years . The search , for an extensive region such as the
Greater Mediterranean , can generally be accomplished in the order of three
minutes of CD C—65 00 CPU time; the complete history for the regionally

focused subset can be accommodated on one large reel of magnetic  tape.
To sat isfy Task 1 f of this Project , RASS has been designed , developed
and optimized for operationa l use on the FNWC computer system. Program
resource requirements are well within the constraints of operationa l
specifications .
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4. THE BASIC BIT CODE FOR REPRESENTING SYNOI’rIC PATTERNS

4.1 Modular Design

The Quick-Screen bit cod e , applicable to gr idded fields , Is a scheme
for coding synoptic patterns . The coded bit strings th at  are formed represent
stratified grid—point values , and the differences between gri d—point values ,
in regular spacings and orderings of repetition over the grid . The pr imary -~
purpose of the code is to allow easy and rapid comparison of one field of
patterns with another , measuring the degree of similari ty between these
two patterns In ranges of scale , in subregion by subregion , and in coarse ,
medium and fine degrees of resolution . The whole Northern Hemisphere
can be covered at the ful l  resolution of the code; however any subset may
be extracted to correspond to a specified regional focus.

The bit cod e is formulated In terms of a modulariz ation of the gridded
fields , a module consisting of a 4x4 arra y of gri d—poin t values . The spacing
of the grid points used to form a module differs according to the range—of— 4

scale inherent in synoptic patterns . Thus , in the Disturbance (SD)
range—of—sc ale the ful l  density of the 63x63 grid a rray is used; in the
Long-wave (SL) r ange—of—scale a double-spaced subset is used ; ari d in the
Vortex (SV) range-of—scale a triple-spaced subset is used . These arrays
are shown in Figs. 3 , 4 and 5 , respectively. The numbering of the modules
extends the modular concept to arrays of 8x8.

In order to effect greater discrimination in the coding of the vortex
(SV) range—of—scale field , the coding is applied to the anomaly of this field
from a long—term (annual) mean field : SV - SV. The north-south gradient
of the vortex anomaly reverses between summer and winter , giving a strong
seasonal discriminator . Other characteristics associated with eccentricities
of the vortex are also accentuated .
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4 .2  The Sp ecify ing Parameters for Each 4x4 Module

Associated with each 4x4 module of the tota l arra y there are s e ven t e e n
pa rameters which measure the pattern characterist ics (i .e. • value  and shape)
of the height and thickness contours af fec t ing  that module for any given
synoptic s i tuat ion . This set of parameters has been designed to encomp ass

the various scales of atmospheric dis turbance and contour or i enta t i on s  that
could occur in any meteorological si tuation . These sevent een pa rameters
are shown in Fig . 6; note that each grid-point value of the 4x4 module
enters into two of the seventeen parameters .

4.3 The Bit—Cod e for the Specifying P arameters

For any given meteorological situation , cac ti of these seventeen
pa rameters  wi l l  have a numeri ca l value of height  or t h i ckness  I,parametel -s A
or B) , or height or thickn ess difference (parameters C through Q) . A bi t—cod e
is then assigned to each parameter , this bit—c ode defining the ranQe int erval
into wh ich the actual measured value  of the pa rameter fa l ls . (Note tha t  t h i s
bit—code is not a binary code.) These range intervals are defined in terms
of range levels wh ich , in turn , are expressed in terms of a mean st a n d a i d
dev iation , ~ 

• For example,  Fi 4 i . 7 (page 2) shows the range interva ls  and
range levels for parameter A , t ogether with their specifying bi t—c odes (bit
elements Al through A 7 ) .  The numerical values of the range levels are
tabulated in Section 4 .4 .

1More precisely, an RMS value in that the sample means were close
to , but not exactly, zero .
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Fig . 6 The seventeen pa rameters which are b it  coded for each 4x4 module
of the grid array are shown in five s u b s e t s.  A and B are actual
pa rameter Va 4u e s at  the two grid points indicated . The other
parameters , C through Q ,  are differences . To calcula te  the v a l u e
of any difference pa rameter , th e value at the non-lettered end of
the line segment is subtracted from the value at the lettered end .
Pa rameter C alternates in orientation between even and odd numbered
modules .
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The range levels  wh ich  ~ie ine the  4i n ~ e i nt er v a l s  a re  s p e c i f i t ’41 to

the program which  bit —c odes the ~;ri dde~I t i e ld s  - cT was  calcula :  ~‘~i for each

of the n ine  component f i e l d s  based on a summer  and w i n t e r  s am p l i n g  of each

p ar ameter.  The samples were taken from a l l  modules of the SD and SL

component f ie lds  , but weo e conf ined  to modules  3 , 8 , 10 and 13 ot ’ the

three SV— ano ma ly component  f i e l d s  in c ider  to a ccen tuat e  t he  s ig n i  i ic an t

SV v a r i a b i l i t i e s  occurr ing in these  modules  compared wi th  these  of m o t e

sou ther ly  modules .  The percentages , g iven  as a normal expectance ot

occurrence for each range in terval  in Fi~’t . 7 , ar e based on an a p p r ox i m a t i o n

to a normal distr ibution ;  they have not been v er i f i e d  by ac tua l l y  count ing

occ urrences. However th i s  is not c r i t i c a l  because the dis t r ibut ions  vary

from season to season and fro m day to i a y .  Va lues  for the range levels

for a l l seventeen parameters  at e  g iven  in Sect ion 4 •

Bit—codes are al lot ted to the other s ix teen  pa rame t e r s  in a mann er

s i m i l a r  to tha t  described for p arameter  A. The h i t s  a s s ign e d  to a l l  seventeen

pai’ameters are composed into a i~0—bi t  word of cod e for t h a t  module .  I iow 4

th i s  is done is described in d e t a i l  in Section 4 . 5  but , b a s i c a l ly , t he

compo sition of the word is so designed that the f i rs t  qua rter of the word

gives a coarse resolution of a module pat tern , the second quarter ~,~ives a

medium resolution supplement , and the remaining h alf  — wo rd  gives a f i ne

resolution supplement . This  composit ion prov ides a very f lexible sys t em.

Thus portions of the fu l l  res o lu t ion  words can be assembled  to prov ide other

resolutions; for example , a new word formed from the f i rs t  guart ers  of a

block of 4 word s g ives a coarse resolution codin~.~ of an t~x8 module .  i’his

flexibi l i ty for forming subsets of the basic bit code is exploited in regional ly

focusing the search for ana logues.

In comparing two fields to de termine  the i r  mutua l d e im cc of pattern

si m i l a r i t y ,  the two sets of bit—coded word s are s i m p l y  matched , one wi th

the other . The count of the number of correspond ing bits that  match is an

absolute measure of the degree of pattern s imilar i ty  between the f ie lds
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associated with each module. Extending th i s  concept to inclu4le al l

modules representing the tota l field , it can be seen that this scheme can

give a word-by-word ( i .e .,  module-by-module) accounting of pattern
I

similarity.

In Fig . 7 it will  be noted that bit elements A6 and A7 (or BE) and B7

for parameter B) ‘f l ip ’ at the range levels corresponding to range intervals

9 and 10. This results in unwarranted bit matching when comparing

corresponding pairs of these measures from two modular patterns. This wil l

only occur when comparing the most mismatched pairs of measures—-for

example , if pattern x has parameter A in range interval 1 and pattern y has

pa rameter A in range interval 10 , the n bit elements A6 and A7 wil l  match .

Howeve r , in such cases the entire module will  generally score very low

and this minor detraction is accepted in order to create extra range intervals
r

without adding extra bits of coding .

Figure 7 shows the range intervals , ra nge levels and bit coding for

pa rameters A and B; FIg. 8 shows the associated scoring matrix , givi ng

the number of matching bits obtained when two modules are compared .

Note the effect (top-right and bottom-left corners of the scoring matrix)

due to the spurious bit matching of elements A6 and A7 or B6 and B7 .

Figures 9 through 14 show similar tabulations for the other pattern—specifying

parameters and their associated scoring matrices .
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Range Range Normal Expectancy Bit Code Using Bit
Levels Intervals of Occurrences Element s Numbered

A 1 A2 A3 A4 A5 A6 A7

4 • 5~ 0 0 0 0 0 0 0
1. 700 w -

~~ L

~~ 8.0% 0 0 0 0 0 0 1
1.1 5Q~~ -1

12.5% 0 0 0 0 0 1 1

0.675~~ 
-.

12.5% 0 0 0 0 1 1 1

0.320 w

~~ 12.5% 0 0 0 1 1 1 1

12 .5% 0 0 1 1 1 1 1

— 0 . 3 2 O ~~
12 . 5 %  0 1 1 1 1 1 1

— 0 .675 & -4 4

12.5% 1 1 1 1 1 1 1

—1.150 w -
~~

(
~

_

~ 8.0% 1 1 1 1 1 1 0

-1.700~~ ~

4.5% 1 1 1 1 1 0 0

Fig . 7 SpecificatIon of Bit Code for Parameter A. The Bit Code for
Parameter B is Similar.



________ - . 

1~

_________ H
(iJ~ 7 6 5 4 3 2  1 0 1 2

7 6 5 4 3 2 1 0 1

(~~~~ s 6 7 6 5 4 3 2 1 0

4 5 6 7 6 5 4 3 2 1

4 5 6 7 6 5 4 3 2

3 4 5 6 7 6 5 4 3

2 3 4 5 6 7 6 5 4

0 1 2 3 4 5 6 7 6 5

1 0 1 2 3 4 5 6 7 6

2 1 0 1 2 3 4 5 6 7

Fig. 8 The Scoring Matrix for Parameters A and B. Shown are the
count s of the number of matching bits in comparing the bit
code of range Intervals .
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4 3 2 1 0 1

4 3 2 1 0

(~~~~2 3 4 3 2 1

1 2 3 4 3 2

0 1 2 3 4 3

1 0 1 2 3 4

Fig. 10 The Scoring Matrix for Parameters C, 1’, G, H and I .  Shown
are the counts of the number of matching bits in comparing
the bit code of ra nge Intervals .
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Ra nge Range Normal  l :xpoc ta im ~’y Ot t  ‘- ‘do ~~
‘
:~ L n m  O i l

Levels Interv als ci Occurt - onces I l c in ’nl \ t imbe  -

- 
, .

~

0 0 0 0 0

1 . 650 ~~ 
---—-— - 

_____________________ — -~
1 0 \ -  0 0 0 il I

1.040 ã~ ~~ - - 

ii 0 0 1 1
0.525 ~~~ ——~~~~— J

(~
) ~0’\. 0 (1 l 1 I

0 

0 1 1 1 1

-0.525 ~~ —----- -- - - - -—-~~~
--

~~- - -—-—-——— - - - - —

1S’k. 1 1 1 1 1

— 1 . 0 4 0  ~ -
~~

I 1 1 1

-1. t~ 50 ~ 
_________________- — - ‘ - . ‘

1 1 1 t~

Fig . 11. Spec t f ic i ~tton of bit  Code for Par ameter 1 ~~. i’he bit Code icr
Pa rameter h is Similar.
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@0000000
5 4 3 2 1 0 1 2

5 4 3 2 1 0 1

3 4 5 4 3 2 1 0

0 2 3 4 5 4 3 2 1

1 2 3 4 h 4 3 2

0 1 2 3 4 h 4 3

® 1 0  1 2  3 4  5 4

2 1 0 1 2 3 4 5

Fig . 12 The Scoring Matrix for Parameters D and C. Shown are the
counts of the number of matching bits in comparing the bit
code of range intervals.
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Range Range Norma l Expectancy Bit Code Using Bit
Levels Intervals of Occurrences Elements Numbered

Ji J2 L

0.84~~ 
4 

(~i~~ 20% 0 0

0 
30% 0 1

30% 1 0
-0 .84 w

20% 1 1

Fig. 13 SpecificatIon of Bit Code for Parameter J . The Bit Code for
Parameters K through Q are Similar.
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0 00 0
1 0 1

2 1 0

1 2 1

@ 1  0 1 2

Fig. 14 The Scoring Matrix for Parameters J through Q. Shown are the
counts of the number of matching bits in comparing the bit
code of range intervals .
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4.4 Tabulation of Rang e Levels

As described in Section 4 . 3  the range levels are defined in terms
of a mean standard deviation , 0’ , calculated for each parameter by a
sampling technique . The following tabulat ion s show , for each of the nine
component fields , the numerica l values of the range levels for the
seventeen pa “em -s pecifying parameters .
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Field: SV500 (all units In cm)

A, B: 7930 5365 3149 1493 0 —1493 — 3149 —5365 —79 30
C: 9847 5193 0 — 5193 —9847

D , E: 12550 7910 3993 0 —3993 —7910 — 12 550
F , G , H , I: 6538 3448 0 — 3448 —6538

J—Q: 3195 0 —3195

Field: SV1000

A,B: 7354 4975 2920 1384 0 —1384 —2920 —4975 —7354

C: 9860 5200 0 — 5200 —9860
D,E: 13875 8745 4415 0 4415 —8745 —13875

F,G,H,I: 6902 3640 0 —3640 —6902

r—Q : 3531 0 —3531

Field: SV5— 10

A , B: 7480 5060 2970 1408 0 —1408 —2970 —5060 —7 480
C: 9779 5157 0 — 5157 —9779
D , E: 12670 7986 4031 0 —4031 —79 86 —12670
F,G,H,I: 7709 4066 0 —4066 —7709

J—Q : 3226 0 —3226
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Field: SL500

A ,B: 12407 8393 4926 2335 0 —2335 —4926 —8393 —12407

C: 13810 7283 0 —7283 —13810

D,E: 15650 9864 4980 0 —4980 —9864 —15650

F,G,H,I: 9544 5033 0 — 5033 —9544

J—Q : 4783 0 —4783

Field: SL1000

A , B: 5153 3486 2046 970 0 —970 —2046 — 3486 —5153
C: 5828 3073 0 —3073 —5828

D , E : 7178 4524 2284 0 —2284  —4524 —717 8

F ,G,H,I: 4465 2354 0 —2354 —4465

J—Q : 2243 0 —2243

Field: SL5— 10

A ,B: 10977 7426 4358 2066 0 —2066 —4358 —7426 —10977

C: 11790 6217 0 —6217 —11790

D,E: 13972 8807 4446 0 —4446 —8807 —13972

F,G,H,I: 8225 4338 0 —4338 —8225

J—Q : 4260 0 —4260

-32-
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Field ; SD500

A , R : 7480 5 0 t 0  29 70 1.100 0 — 1.100 — 2 9 7 0  — 5 0 t ,t )  —74 8 0
C: 8018 4210 0 _ .1 2 2 8  -00 10

10058 t~340 3200  0 —3 10 1) —1i340  — 10058

F ,i~ , H • I: 5704 3000 0 —300 0 —5704

J—Q : 2520 0 — 2 5 2 0

t~

.

Field: SD1000

A , B: 4420 2990 F55 031 0 -031 -1755 -2990 -4420

C: 4851 25 58 0 —15 5 0 —4 8 51

D , E : 6115 3054 l 9 4 t ,~ 0 — 1 9 4 ~ — 3 0 5 4  — t ~1l5

3933 207.1 0 — 2 0 7 4  —3 9 3 3

J—Q : 1680 0 — l ~~01)

Field: SD5— 10

A , B: 6630 4485 2~ 31 1148 0 —12 . 1 0 — 1t ~31 —4485 —~~~30

C: 714 1 3?~~ 0 — 37 ~~ — 7 1 4 2

D , E: 8781 5535 2 7 9 4  0 — 179-1 — 553 5  —8781

F , G , H .1: 5394 2844 0 — 18.14 —5394 -:
J—Q : 2352 0 —2352

~ 
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4.5  Formation of the 60-Bit Word for a 4x4 Module

As outlined in Section 4. 3 the bits allotted to the seventeen

pa rameters of a module are composed into one 60-bit word of code for

that module . The bit elements are arranged in such a way that , for any

word , bits 1-15 give a coarse resolution of the module pattern ,  bits 16-30

give a medium resolution supplement and bits 3 1—60 give a fine resolution

su pp lement . The following table shows the bit number location of each

parameter element:

Bit Pos ition in Parameter Element
the 60-Bit Word Located There

1 Al
2 A3
3 AS - 

-

4 131
5 133
6 135
7 Cl Bits 1— 15 provide
8 02 coarse pattern
9 C3 resolution

10 D2
11 D4
12 D5
13 E2
14 E4
15 ES H
16 AG
17 B6
18 04
19 Fl
20 F2
21 F3
22 Gi Oils 16—30 provide
23 G2 a medium pattern
24 G3 resolution supplement
25 H i
26 H2
27 H3
28 Ii
29 12
30 13

— 34— 

— - --. . -~~ -



Bit Position in Parameter Element
~~e 60-Bit Word Located There

31 A2
32 A4
33 A7
34 132
35 B4
36 B7
37 Dl Bits 31-60 provide38 D3 a fi ne pattern39 El resolution
40 E3 supplement
41 F4
42 G4
43 1-14
44 14
45 ‘j i
46 J2 I ’

47 K i
48 K2
-P-) Li
50 L2
51 i\11
52 M2
53 N I
54 N2
55 01
56 02
57 P1
58 P2
59 Qi
60 Q2

_ _  

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~



___________

It is instructive to follow the construction of a 60-bit word from

the seventeen contributing parameters .

For any given parameter , say pa rameter A , ther e exists a library ”

of ten GO-bit words , one for each of the ten range intervals  assoc iated with

parameter A.  The range lnt ~-”-”a1 is determined by progressive tests on the

actual numerical  m--a sure  of param eter A (see Section 4 . 4 )  and the appropriate

word representing this range interval is selected from the library . For

example , the library for parameter A is as follows : ;

Bit Positions: 1 2 3 4—15 1 17—30 31 32 33 34—60

Bit Ei eme nts : Al A3 A5 A6 A2 A4 A7

Range Interv al

0 0 0 0—0 0 0— 0 0 0 0 0—0

0 u 0 0—0 0 0— 0 0 0 1 0— 0

0 0 ~ 0—0 ~ 0—0 0 0 1 0-0

0 0 1 0—0 1 0—0 0 0 1 0—0

0 0 1 0—0 1 0—0 0 1 1 0—0

0 1 1 0—0 1 0—0 0 1 1 0—0

0 1 1 0—0 1 0—0 1 1 1 0—0

1 1 1 0—0 1 0—0 1 1 1 0—0

1 1 1 0—0 1 0—0 1 1 0 0—0

1 1 1 0—0 0 0—0 1 1 0 0—0

The abov e libra ry should be compared with Fig. 7--note that the bit

columns have been rearranged to separate Al , A3 , A5 (coarse pattern

—36—



resolution) , A6 (the medium resolution supplement) , and A2 , A4 , A7 (the - - 
-

fine resolution supplement) .

A similar process Is followed for the remaining 16 parameters . The
60—bit word representing the module initially has all bits set to zero and
is then formed by accrual of the 17 contributary 60-bit word s representing
the range intervals of the parameters . The total libra ry contains 98 words ,
made up as follows :

A and B 10 each total 20 
~1C , F , G, H and I 6 each total 30

D and E 8 each total 16

1~ K , L , M , N , 0, P and Q 4 each total 32

I
Section 3.2.  1 laid down the four basic component s of any analogue

forecasting scheme, it can be seen that the first of these--a methodology
for interpreting any meteorological event in term s of relevant specifying
parameters—-is accomplished by the RASS techniques described in
Section 4.
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Tlit: ;  Sod t o ut  o ’oi’tt ~~ I n :; a do: ;cu Ip t  ton  ci the  t t to t1 t ~’o j ~ t i : , ’t i  t ,~ i - ’ o ’t i : ; i i i . ;

01) ci : o lo ~t ’t ed lo~i i o n ;  t he  i e at e r  M o d l t o u , - a n e ,— in ~v i 1 1  ho tised ci:~ an ex am p le .

‘l’ho techni qu e : ;  Invo lved In : ;o ~ irc i t I n t ~ l o t  an d :~e l e ct i n ~ a n a i t ~~t le: ; t t i t ( ’  t i t t i . i

ha:; ic component 01 an a na b u t t e  :;~~ :;t oitt  — — see  ~ocI I on 3 . 2 . 1) a t o  o io : z c  I

t1’t -‘edt ton 7

b. 1 ~~~~~~~~~~~~~~~~~

A:; de: ;t ’l Ibod in Se~’t ion 4 . I t h e  h~ —code i :; fo r m u l at e d  In t e i n t : ;  o ’t

a n iodula r I .~at ton ot the ur Id de~i I ield :;  , ci t i i o . i t i b e  ~‘t ’1t : ;  i : ;t t ru i  ci a 4x 4  cit . ty
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Fig . 4 ’) , and the  SV ran~j e— c t  — :;ca lo by I n  module : ;  i :;eo F ig .  5) .

ra n ge— ot— :;ca l e  i t ivol v o: ;  three f ie ld : :  t l 0 0 0 — m b , 5 0 0 — t u b , S t ) t ) — 1 00( 1 — t u b
t h i ck n o s s )  and thus  a bi t  :;t m u  ot 500 word: ; I ; ;  r e q i t i t  od to i op io ’:;ont ISo
nine  compon ont lie his ci each ::ynopt Ic s i t  na t  ion ::; i • e . , each d a t e— I  1 t i l e
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representing a regional focus scenario . Such) a combination may be expres :~ed

by

SC (r l) .
~~ 

= S (1 1) + S
~

where the scenario taking place from time ( T - 1 )  to T , SC (r l) ~r )
a combination of the situation S at ( r — l )  and 7’ .

A search for analogues similar  to the baseday scenario requires ,
of course , that analogue candidate scenarios and the baseday scenario ,
are both bit-coded In the same way; the s imilar i ty  score between the
baseday scenario and a particular analogue cand idate scenario can then

be based on a count of the matching bits .

The concept of scenario coding , matching , and analogue selection
is discussed in greater detail in Section 7.

6.2 Standardized Approach

A standard procedure has been devised for specifying a regional
focus and for extracting the required bit—coded data subset . This  standard
procedure allows a selected list of module numbers to be specified icr  each
of the component f ields,  this list depending on the particular region of
interest. ~~he reason for specifying module numbers for each component

field is to provide greater realism and f lexibi l i ty——the modules required
for representation of one range—of—sc ale are not generally the same as lot
other range s—of—scale.)  The degree of resolution required for every listed
module has also to be specified : for coarse resolution the first quarter  o t t

the bit—coded word for that module Is extracted; for medium resolution the
first half of the word is extracted; and for fine resolution the ful l  word is

- 

~T~
4.4.
~

4. 
~ _ _ _ _  

1IIII . ,TT~ ~~~~~~~~~~~ 1



r ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

._ _ _ _ _ _ _

extracted . The resulting subset for each component field Is rearranged

into three groups of words:

a. Coarse—resoluti on words formed by stringing together al l

quarter-words which had resided in the upper quarter word

before extraction;

b. Med ium—reso lut io n— supp lemcnt  words formed by str inging

together all  quarter-words which had resided in the second

quarter-word before extraction;

c. Fine-resolution—supplement word s formed by stringing together

all half-word s wh ich had resided in the second half of the word

before extraction.

(Zeroes are used as necessary to complete the last word of each group so

formed.)

6.3 The Greater Mediterranean Focus

The standardized approach outlined in Section 6 .2  has been applied

to the Greater Mediterranean region . The regional focus is specified by

range—of—scale component fields and Figs. 15 , 16 and 17 show th e focus

for the SD , SL and SV field s respectively . Extractions are made only for

the modules where numbers have been circled . A double circle Indicate s

fine resolut ion , a double bar under the number indicates medium resolution ,

and a single bar indicates coarse resolution for that  module.

To construct the specification list (see Section 6 .2)  only the lowest

module number of each group of four modules is listed; e .g . ,  sp ecifying

module number 37 automatIcally incorporates modules 37 through 40 .

Following a module number a code is used to specify the resolution required

for each of the four associated modules in numerical order. The resolution

-41-
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Fig . 15 Greater—Mediterran ean Focus for the 5i Component i ’ i c id : :
Extractions are made only for the c i rc led—number  modules
A double circle indicates fine re so lu t ion .  A double bar under
the number indicates me dium resolution . And a s ingle  hat ’
under the number indicates coarse resolution for that module .
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A double circle  indicates t i n e  resolu t ion . A double bar under
th e number Indicates med ium resolution . And a single bar
under the number indicates coarse resolution for that module.
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Fig . 17 Greater-Mediterranean Focus for the SV Component Fields .
Extra ctions are made only for the circled-number modules.
A double circle indicates fine resolution . A double bar under
the number indicates medium resolution . And a single bar
under the number indicates coarse resolution for that module.
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code is 1 for coarse, 2 for medium , and 4 for fine resolution . Thus , for

example , a specification list element given as 65:2244 is Interpreted as

module 65 -— medium resolution

66 —— medium resolution

67 —— f ine resolution

68 —- f ine resolut ion

From Figs. 15, 16 and 17 the following specification list for the

Greater Mediterranean Region may be constructed :

SD Fields SL Fields SV Fields
3

37: 111 1 5: 0011 5: 00 44

41 : 1111 9: 0002 13: 4400

45: 0001 17: 1221

61: 1221 21: 4 114

65: 2244  29: 0100

69: 2002 33: 1000

85: 1210

89: 4442

93: 4002

113: 1200

117: 1000

Rearrangement produces the following groups of words:

For an SD Field For an SL Field For an SV Field

S coarse 4 coarse 1 coars e

4 medium 2 medium 1 medium
3 fine 1 fine 2 fine

—45—
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Thus , for the Greater Mediterr anean region , an SI” f ie ld re quires
15 words , an SL field requires 7 words , and an SV field 4 words--a total
of 78 words for all nine component f ie lds .  To produce the data subset
these 78 word s are extracted and formed from the ful l  set of 588 words
for each date-time group.

In genera l , the production of a reg ional-focus data subset is

accomplished in a single computer production run us in q  the fu l l  data set
of 8 tapes as input . The number of output tapes ctenerated for any subset
depends , of course, on the si::e ef the region being considered but ,
typically , this would be a single tape .

r
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7. THE ANALOGUE SEARCH AND SELECTION PROCESS

7. 1 IntroductIon

Section 7 presents and discusses the Mu methodology for providing

the third basic component of any analogue selection system laid down in

Section 3.2.1.

7.2 Preparing the Baseday

As defined in Section 3.1 , the baseday may be specified as either

the current synoptic situation or the synoptic situation corresponding to

any date—time group In the history . Clearly , if the current situation Is

chosen , then ana logue selection must begin with the bit-coding of its

component fields and extra ction of the regional-focus elements. For

scenario matching using the current situation , the appropriate bit-strings

must be formed Incorporating the time element .

7 .3 The Scoring Matrix

Ea ch regional—focus subset representing a single synoptic situation ,

consists of 27 subgroups of word s , thus:

3 ranges-of-scale (SV , SL , SD)

x 3 contour values (1000-mb , 500—mb , 500-1000—mb thickness)

x 3 resolutions (coarse , medium , fine) .

Each analogue candidate fro m the history is scored by comparing its

subset to that of the baseday , the count of the number of matching bit s

being a measure of the similarity between the patterns corresponding to the

two situations . The counting of matching bits proceeds in stages ,

—47—
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commencing with coarse resolution word s , then medium resolut ion words ,

and ending with fine resolution words. At each stage there is a “ cj ate ” --if
the number of matching bits does not reach an assigned min imum level ,
then the ana logue candidate is rejected at that stage. This procedure
speeds up the selection process considerably.

The counting of matching bits and gate checks for minimum counts
proceeds as follows :

Count Coarse SV500

Sv1000

SV5—1 0

SLSOO
‘U SL1000

SL5— 1O
U ’ SD500

SD1000

SD5— 10

Total the Coarse counts

Count Medium SVSOO
‘U II SV1000

SV5—l0

SL500

SL1000

SL5— 10

SD500

SD1000

SD5— 10

Total the Medium count s
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Cou nt Fine SV500
Total the SVSOO counts

I’ I’ SV 1000
Total the SV1000 counts

U,

Total the SV5-l0 counts
SL500

Total the SL500 cou nts
SL1000

Total the SL1000 counts
SL5— 10

Total the SL5-10 counts
SD500

Total the SD500 counts
SD1000

Total the SD1000 counts
SD5—1 0

Total the SDS—l O counts

Total the Fine counts

In the above procedure for cou nting matching bits there are 39 gates ,
each of which must be passed by an analogue candidate before being
considered for the next stage in the selection process. In addition to a
listing of gate values to be exceeded , the system contains a listing of
weight factors to be applied to the actual scores achieved at each stage.
These weights can be adjusted (tuned) to emphasize any desired feature or
combination of features ( i .e . ,  ra nge-of-scale , level , thickness , resolution) .
A final count is then made which is the weighted total of the 39 contributing Li
counts--this final count is the “analogue score and is used to rank the
selected analogues . If the nu mber of analogues selected does not reach a
specified minimum , e .g . ,  100 , then the selection process is repeated
after lowering all gates by 10%. For uncommon basedays this process may
have to be repeated more than once .
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7.4 Comparison with Monthly -Mean Fields

From the historica l data , mon th ly—m oan  hemispheric  climatologies
have been compiled for all n ine  component f ie lds  in bit-coded format .  A
climatological regional focus subset may be extracted for any region; one
such subset has been extracted for the Greater Mediterranean. The
climatic group for the month of the baseday is forced past all Qates , thus
enablin g its (weighted) fina l score to be used for reference purposes.

7 .5 Probability Considerations

In any study and design of an analogue system it is of interest to
consider the effects of chance in determining the degree of similari ty
obtained between a baseday and an analogue candidate. For RASS , a very
simple model will be presented , based on modularj zat ion and bit-coding
concepts.

Consider a par amet eriz at ion scheme which enables the pattern over
a module to be represented by a string of n bits . Each bit , of course , can
have only one value--either 0 or 1. Assume that there exists a very large
data base , containing a wide range of variabilities , in this bit-coded
format. Then under these conditions , selecting any two situations at
random and counting the matching bits should give a result in agreement
with the laws of probability regarding random events .

From Bernoulli ’ s formula :

n! B n —BP (B) 
B I (n-B) I ~ q

where P (B) is the probabili ty that an event will occur exactly B t imes  out
of n trials; p is the probability of the event occurring , common to each
trial; and q is the probability of the event not occurring, i . e . ,  q = 1-p.
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Mat ching 2 n—bit  words is equivalent to n tri als whore p q 0 .5.

Substi tuting for p and q we obtain - -

P (14) —
n B ! (n— B ) !

whore P (13) may be reqar ded as the probabi 1 k ty that 13 b i t s  w i l l  match out 
t 

- 

-

of a b i t — s t u i n q  of n b i ts .  FIgur e 18 shows cu ivos  of P (13) aga inst  13 for

various values  of n . -
•

i’he ma In t e at  U F & ~ of note is that  ~is fl i nc reases , t h e proba bi l i ty  of

o b t a i n i n g  a cli - wee m at  cli of other than about  50’~ of [l ie  bits becomes very

snia 1 1— —or , to put ~t t h e  other  way , it Is very l ikel y t h a t  about ~ 0~ ’~ of the

bits wi l l  match by chance.  r
In an ana louu e sy s t e m  such as I~A8~ wh le l i  t i E  I I t :~es b i t — mat  eli l l . t

(di) b its  per mod u l e)  the ar r a n t i e l n e n t  of b i t s  w i t h i n  t he  b i t — s t r i n g  is not

comple te ly  r andom t or severa l rea sons .  [‘or ex am p l e , the  range levels

for t he peel fy i  nci par ameters  are based on a ci is tr ibu [ion obtained by

sampl ing , and there  Is a methodology for b i t—codin g the range intc ’ rV a I s .

Also , for an area such as the  M ediL erranean , pre ssure Is gener a I ly h i gh e r

in the south than in the north and th i s  wil l , on av er age , be reflected in

the number of b it s matching by chance

Thus on average it would be exp ected  that , when matching two 6 0 — b i t

RASS modules , r ath er  more than 30 bits would match by chance,  It is not

pos sible  to ca lcti l a t e  I lie actua l  average  bec1tw; t ’ of the complex m t  et act  ions

involved —— inherent  In t i e  RA~- S syste m i t s e l f , and in the moteoro log lea I

s i t ua t i o n s  and p at te rn s  . I lowt ’ver such an avera e for  a specified module or

complete regiona l focus can be determined by exper iment s  . Knowledge ot

_  
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th i s  average  de termines  the “ .~oto  s k i l l ”  leve l  ot i~,’t~~-~ niat t ’I~i ~~ 
1 

and is

required b r  the set t ing  ot the select  ion oa to ts ~~ ~oct io ns 7 . 3 and t~ . 1)

7 . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• 6 . I The i’tI11e Tunnel

Sect ion (~ . I descr ibed In s i m p le  t e r m s  h o w  a b i t — s t  t in~ t ep t  c ’sOfli IY.A)

a scenario is coinpi  led in RASS . The equat ion  ~i iv on  in that  sect ion can ho

generalized to cov er a scenario of any l engt h  in t ime:

-
~~ ~~ 

=

w h er e  x and n are measured in un i t s  01 t h e  t im e  increm ent  01 t h e  d a t a

has e .

I t is ed m fy i n g  to compare a n a l ogu e  and seen a ito  m at c h i n g  by a

imp le pictori al t echnique  . A nieteoro log teal  s i t u a t i o n  S can ho i mao m o d

as a point in N — sp a c e  whore N Is the number of spec I t y~ no para iiiet or s

The evolution of S with t im e  may be i llu str at ed thu s :

S 

whore S has been shown at a pa rt lcul~ir point  In t im e .  i t  S at t h is po in t

In t ime  Is used as a bas is  tor an alogue  select ion [lien , of course , the

t ime is th at  of the baseday.

1
1t is i n ter e st in g  to note that  because ot I ho b ias  t ~‘ward mat clii

• it is more d i f f i cu l t  to find v e t y  bad ana logu es  than vet  y ~~~~ an, i  l~ gnes

— S 3—
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S would only be a point in N-space if the precise value of the
specifying parameters were both known and used . However the technique
of using range levels for coding the specifying parameters introduces
uncertainty and S should be represented by a blob rather than a point ,
thus:

S

time

Even allowing for the uncertainty in S . a precise match is most
unlikely to be found . In genera l , analogue candidates are scored and
ranked , and the top—scoring analogues are selected . The maximum number
of mismatching bits allowed before an analogue candidate is rejected
describes a “volume ” V in N—spa ce about S , thus:

V

time

In analogue selection , a baseday is chosen and then the history

is searched for meteorological situations whose evolution in time with
respect to S passes through V ;  candidates not passing through V (the
vast majority) are rejected:

~~~~~~~~~~~~~~~~~~~~~~~~~
tim e

base~Iay bas~day +1.(r)  (‘r÷i)

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~• - .~~~~~ 

~~ 
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An analogue forecast at time (‘r+ 1) for meteorological s i tua t ion S

occurring at time ‘r is a compilation of all analogues passing through V ,

the compilation being performed on the analogue situations one time period

later than when they passed through V.

One point is immediately app arent from the abov e diagrams--the

best analogue at time T is not necessarily the analogue situation which

will be closest to the evolution of S at t ime 1+1. Thus an analogue

forecasting system based on the single best analogue at time 1’ (the

deterministic approach) is not likely to be consistently successful; a

compilation of a “ reasonable ” number of analogues is required (the

probabilistic approach) . It may also be noted that the closest match (es)

at time T+l ~~~~ lie outside V at t ime T , and will therefore not be

Included In the compilation . However It is not possible to recognize

these cases in advance and an analogue forecast system assumes that the

evolution of analogues passing through V will more closely resemble the

evolution of S than analogues not passing throug h V .

The diagrams shown above may be extended to illustrate scenario

matching where , instead of an acceptable match at ‘7’ only, an acceptable

match over a period of time is required . The following diagra m is self-

evident—-to be successful , analogue candidates must enter and pass through

a “time—tunnel” :

‘T—l baseday
T
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The above diagram requires that the match be maintained over two

time inte 1vals , from T-2 to 1’ . This is a two—period scenario match .

Matches over longer periods may be obtained .

Note that a cylindrica l tunnel  requires that  the number of matching

bits remains wi th in  V for the whole time period . It is more rea l i s t i c  to

accept a ç~reater number of analogues at the start of the scenario matching

process , the selection criteria becoming relatively more stringent as

baseday is approached . The diagram now becomes:

- I D  
7’-2 ‘7’-l baseday T+ 1

T

Only those analogue candidates entering the time “funnel”  at T— 2

and remaining within to emerge at time 1’ are used to compile the forecast

for time T -4-l .

The effect of a funnel may be achieved in a variety of ways , an

obvious method being to set

Vr_ 2 > yr_ i  > V.1.

An alternative approach is to base the funnel on ran ge—of—scale and p att ern

resolution considerations , using large-scale features and coarse reolution

at first , then emphasizing smaller—scale f eature s and finer r e solut ion as

baseday is approached . A method for doing this is described in the

following Section .
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7 . 6 . 2  Coup ling RASS Forecasts to Numerical  Forecast Models

The pictori i~ technique developed above may be used to i l lus t ra te

a techniq ue for making fuller use of the skill inherent in a numerical

forecast model , both by Improving RASS forecasts and by extending the

usefulness of the numerical model.

Considering the meteorological situation S at time T as being

the current situation , scenario matching from say r —48 hours to T can

be carried out as previously described . Now assume that a FE (or other)

model is available which demonstrates usefu l skill out to ‘r+ 48 hours .

The forecast situations from this model can be used to extend the “ti me

funnel” into the future , thus making use of the ski l l  In the FE model to

select analogues for times greater than r÷48 hours . Thus: 

I I Baseda y
r-i 48 r—2 4 ‘1. r+24 ‘r+48

—
~~:~actua l forecast

evolution of S evolution of S

Only analogue candidates which rema in within V for the whole

range of ‘r (+ 48 hours) are used to compile analogue forecasts for forecast

times greater than 48 hours • Note that the above diagram need not be

symmetrical. For example , V~.~ 24 and V7+4 8 need not be equal to

and V~~ 48 respectively , and neither do equal periods about the baseday

have to be used . In fact , the more confidence that can be placed in the

PE model , the less V~~ 2~ and ~~~~~ should be.

_ _  

~~~:



~~~~~~~~~~~~~~~~~~~~~

A method for producing a bit—string to select analogue scenarios

based on the known past evolution of S and Its forecast future evolution is

shown below . (This method is pa rt of the overall design of RASS arid its

use is demonstrated in the two examples discussed In Section 8.)

-48 -36 -24 -12 T +12 +24 +36 - 18
time~~ known past forecast future

Key: 0 Coarse resolution only

D Coarse resolution plus medium resolution supplement

A Full resolution (coarse plus medium and fine resolution
supplements)

Note that the ranges-of-scale (3) utilized in the bit string depend
on time , as do the degrees of resolution (3) employed .

It Is considered that the ability to couple analogue scenarios to a

numerical forecast model such as the FNWC FE model is a unique and

particularly significant development . Not only does the technique promise

to allow the information provided by the FE model to be usefully extended
by several days , but it should also allow the deterministic nature of the

—58—
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FE forecast to be converted into probabilistic te rms.  In other words , if
the deterministic result of the FE model is regarded as the most l ike ly

evolution from the current situation , then a selection of appropriat e

analogues will allow other but less likely evolution possibi l i t ies  to be
determined . Such a capability is of considerable operational s ignif icance

and of direct relevance to the use of operationa l analysis  techniques for

planning purposes . However at this stage of RASS development the many

potentia l uses of scenario matching have yet to be explored and exploited . 

~~~~~~~~ _ _  _ _ _



8. TUNING AND VERIFI CATION PROCEDURES

8.1 Tuning

There are basically two sets of tuning controls--the selection gates
and the weight factors assigned to the number of matching bits achieved

by an analogue candidate at each phase of the select ion process . As
discussed in Section 7.3 and as presently used in RASS , essent ia l ly  the
selection gate levels control the number of analogues selected while the
weights decide the final ranking by adjusting the relativ e significance of
any chosen pattern characteristics.

8. 1. 1 The Selection Gates

I n carrying out the selection process it is important to select a
“ reas onabl e” number of ana logues. If too many are scored , selected and

ranked , computer resources are being expended unnecessari ly , and i f  too

few a re selected the process has to be repeated after lowering the oate

levels——which again wastes computer t ime.  (It is not possible to know how

many analogues will be selected for an arbitrary ba soday. The selection I ’

process could be stopped once a chosen number is reached but th is  is not a
realistic approach as the best analogues may not have been reached in the
search.)

Selection of this “ reasonable ” number has to be based on knowing ,

on average, how many analogues will be selected fro m the appropriate
season for a randomly-chosen ba seday. Selection gates arc set so that  th is
average number is “ reasonable ” . Of course , if any particu lai- baseday is a
commonly—occurring situation then a larger number wil l  be selected , and
vice versa 1. Determining this average number of selections involves those
considerations discussed In Section 7 .5.

‘The fact that a very low number of analogues is selected for a ~ iven
baseday is Info rmation of value in that it Informs that an unusual event is
occurring .

_ _ _  -
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8. 1.1. 1 Persistence

A method for arriving at an approximation to this average number of

analogues to an arbitra ry baseday is to select a small  number of basedays

and match them (by counting matching bits) against their own evolution .

Thus if S,~. is the baseday and n is an integer number of days the procedure

may be expressed by

S~ : S r + ii = 0 -
~ 15

where “ : “ indicates the process of counting matching bits . In effect this

procedure detects the persistence of S.f. out to 15 days . F

Figures 19 , 20 and 21 show the persistence Out to 15 days of the

nine component fields using all 31 days of January 1967 as basedays .

Similar curves are discussed in greater detail  in Section 8 .2 .  However
with regard to selection gates , If it is ass umed that there is zero

persistence after 15 days ( i .e . ,  that Sr+ 15 is independent of S7 .) a nd that

January 1967 was a “typical” January , then the match coefficient at S
~ ÷i5

gives a measure of the number of bit s likely to match by chance in all

Januaries.

To obtain this measure correctly for , say, January , requires matching

two randomly selected situations from all Januaries in the data base ,

repeating this process a large number of times , then taking a mean of the

count of matching bits. However , for the purposes of setting selection

gate levels the approximate process has been found satisfactory with regard

to selection of a reasonable number of analogues (see also Section 8 .2) .

—61—

L4.. .
~~~~~~~~ 

. _



1
p.

1-

~~0.90-

Lj_ 0
~~

80 •
~~\

: 

_~~‘~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T T .
:.

I — 0. 0 0  \ ~-~.- :-c - .- _ “ -
. - - - . - 1 — -

0.50-

0.4 0— ‘ I I
-‘.0 +3 -~f~ ~12 ~i5

n -~ V C-Ltfl I

SL 500

~~0.92-

~ 0 60Cr -.
~~~ 

“- --.
~ ‘;-

0. 50-

0.40 — , I , I I

-It ~12 -~15
DAYS

SV 500

~~0.90~ ~~~~~~ - :  :-~--~~~
- - - .-~~::~~:~~~~~

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

-

~ 0.80 — J-- ---~~~~,/~~
- -

U-

80.70-
~ 0.60-

0.50- -

0.40 —
+3 -‘.9 ÷12

DAYS
Figure 19 January 1967 500—mb Persistence

—62— -

_ _ _ _  - ~~~- ~~~~~~~~~~~~~~~~~~~ ------ —
.--- -



~ .~

LU

~~~~ : ~:z ~~~~~b

0.50-

I I [ I I 
_~_ 

I I

+3 ~~ ~~15
DAYS

SL 1000
I--

—~ -(~)

~~ 0.00- \~ ~~
-
~~~

- - -~~~- - __
\ — N.

Lii - 

~~~~~~~~ 
, - - 

- 
- — - - - - 

-

C) -~ -~ ~~ 
‘
~~

-- 
- 

\
- N — 

- p
~~~~ ~~~~~~~~ ~ - ~- 

~~~~~~~~~~~ 

- 

- 
- :. 

- 

- 
- - -

—

- b I-] — - 
- -c~ - - 

-
‘ - .

~
-
~~

-- - - - - 
- - - -

. - 
- 

- - --

0.50-

— I I I I

4Q~j +~ -~~~ -~q 4j ~~

DA Y S

c~ / 1 r~nr ~1.00-  ~~ ) V  I~~~~ iI~~J U

\ _
- - - :— ~ ‘—-C ----~- ---- - _4._

Li -’I—
Cr
E

0.50-

0.40 — i I - I I I 1 j-
~0 +~ _+L~ -f

~ ~~~~
Figure 20 January 1967 1000-mb Persistence DA YS

—63—

-4.— . _ _



___________________ ________________ .Iw ,.— 
~~~~~~~~~~~~~~~~~~~~~~~~ — 1W~~.- ~~~~~~~~~~~~~~~~________________ _________________ - ,

I . I 
A

111
’ 0.80- \~.Li_

LU

~~0.70~ 
~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~0.60
i 

~~~~~~~~~~~
0 .Lt1?l 1 1 I I I I 

I 
I I I

+3 ÷12

—SL 5 1 0

0 .4 ~~i~
I —  I I I~~~~~ I I I I I I I

~3 + j T ~
DRIS

1 -
~~~

— - —
~~ 
— ~~~ -LI 

~~~~~~~~~~~~~~~ 
— — — - -

~ 
-
~~ — -- —

~4._ 
- ~~~~~~~~~~~~~~~~~~~~ _~~~_~~:‘-_*~~ ________ 

~ 0.90-

LL~
Lu 

-

Li ~- .  IL1

C i . ..
F—
Cr

0.50-

0, I40 I I I I I 1 1

4t~ +3 ~9 ÷12 ÷15
[lAYS

Figure 21 January 1967 500—1000—mb Persistence

— 6 4—

- 

._—



8 . 1 . 2 WeIght  l’acto r s

Sui table  choice of the we igh t ing  t act~)r s a pplied (~ ) the f l u I t l h e I  11

i’n at chi ti q bits at each st aqe of the se l ect iou process a l lows the rel1u ive

S i q u i i l  icance of any input component to the f i na l score to be cont ro l led .

There are 9 of these  c ompon on t s— — 3 ran e s — of — s c a l e  x 3 d e u r e e s  of

reso lu t ion  - Basically (and obviously)  the sm al le r  the r a nq e— ot  —sca l e  and

the f iner  the degree of resolution , the m ore d i f f i c u l t  it  is to obtain qood

analogues .

The three ran es —of—sca l e  a m e adequa te  to r epr esent  d i st u r b a n c e s

of the atmosphere In space. I lowevor , as sociat : ed w i t h  each m a n q e — o t  —s c a l e

there is a ran g e—In—t ime ;  SV dis turbance components vary  s lowly , ~ l .

components more qu ick ly ,  and ~~ I~ components vary r a p i d l y .  10 cap ture  r
t i m e — v a r i a b i l i t i e s  on the SV sca le , SV ana lyses  in t h e  dat a base sh ould

be at interv als of 1 or 2 days;  the ava i lab le  data base con tains  ~V a n a l y s es

with  th is  frequency (se e  - ‘ect Ion 3 . 2 . 2 . 2) . For SI. ana l y s e s  , t h e an a ly is

frequency should be every 12 hours;  the ava i l ab le  data  base is adequa  1 e

for some periods of the history but not for a l l  the h is tory . However , to

capture t ime—var i ab i l i t i e s  on the SD scale , Si) analyses are required

every 6 hours with an interpolation capab i l i ty  down to 1 hour; in th is

respect the data base is completely inadequa te .

To i l lust ra t e  the effect of this lack of r e s o l u t i o n — E n — t i m e  on the Sfl

r a n g e—o f — se a  le , imagine  that  good ana logues  for a p art icular  basedav h av e

been fou nd in the SV and Si. r a n g e s—of— scale.  l3ecause SD a n a l y se s  a r e

only ava i lab le  at 12—hou r or 2 4 — h o u r  i nt er v a  Is , t h e y  w i l l  appear to  be

scattered alm ost randomly through the se  an alogues and the i r  sul l si ’queut

evolution. In fact , based on 2 4—h ou r- an alyses  , the S I ~ ra n g e — o t  —s c1i  le

(in time) appears  as “ noise ” . A f o r e c a s t e r  require s  synop t ic  a n a l y s e s

every (1 hours for a large area and every 3 hours tor  loca l—area  fo r e c a s t i ng ;

this requirement is no loss cr i t i ca l for  RASS which matches synoptic

situations and their evolutions in space and t ime .

— 6 5—
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The need to inte rpo la te  SD t o a t u r - o:; to  a I i m e — r  ( ‘ s i I l t . r t lo n  et I l rou i
is to pm ovide a p h a s o — m a t c i r j n ~1 ” ca I ) ab i l  i ty . For example , an ana l O I j I ~l, ’

may match the baseday s i tua t ion  very  wel l  w i t h  re~iai  d to t h e  SV 1r r id SI -

f eatu r es  , but the evolut ion of analogue SD fea t t r i e s  may  lead or lag tho se
of the baseday by a smal l  numb er o f hours . Tir e ana logue  should th e r e f or e
be ad j usted to correspond to the ~phase of the b a s e d a y — — a  fea s ib l e
process given suf f ic  tent t i m e — r e s o l u t i o n  in t h e  data base.

SI)  feat ur es are largely r e: ;  pons ib l e  b r  o p e r a t i o n a l ly  5 I I I I ~ i t i c au t
weather  factors  and there fore  th e i r  importance should be r e f  1 oct (‘I I  in
analogue select ion and ranking  . i i  owever at this  t i m e  , due  ~ l t h e  lack ci
resol ution in the data base along th e t ime  ax is , V e r y  l i t t l e  ~ve lg ht can 1’e

uiven to the SD r a n g e— o f — sc a l e .  Given the curr en t ly  a va i l a b l e  da ta  ha;; e ,

the SL r - a n g e — o t — s c a  Ic is the smal les t  that  can ho matched wi th  any degi ee r
of success . Therefore the weight factors assigned to SL fields are
accentuated accordingly.

8 .2  Persis tence Climato logies

Section 8. 1 . 1. 1 discussed the rel evan ce of pe r s i s t ence  in e s t a b l i sh i n g
select ion gate levels to ensure that  an ad e q u a te  but re a sonable number  ci
a nalogues are chosen in , idea l ly ,  one pass through t h e  avai lable  h - i  si o iy .
h owever the main use of persistence scot-es Is to es tabl ish  a “ zero s k i l l ’
level against which to compa re the e f f ec t iveness  of RASS; a variety of
climatologies has been derived for - this put-pose.

In all  climatologies the formulation given previously has been used
out to 15 days ; I .e.

S7. : S~.÷ , n 0 15

-

~

It  
_ _ _
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where ‘r assumes a range of va lues depending on the climatology required .
For example to derive an all-Januaries climatology, 7 covers the range
1 -~ 31 for all Januaries in the data base. Note that a January climatology
is based on a 15-day period start 1n g~ in January but including contributions
from situations up to mid-February. From the results for each January a
mean curve is calculated for the all— Januaries persistence climatology.

The climatology to be used for verification of RASS is the monthly
climatology appropriate to the baseday. This monthly climatology has been
derived for each month (12), by each component field (9),  and by ea ch

degree of resolution plus one all-resolution category (4). In all cases the
modules incorporated in the climatology are those appropriate to the range-
of—scale and resolution considered; these modules are shown in Figs . 15 ,
16 and 17 .

In addition to monthly values , seasonal and annual persistence
climatologies have also been derived. Figure 22 shows an example of an
all-years persistence climatology using equa l weight factors ( 1) at
each selection gate; it thus falls in the all-resolution category . (Note that
In this figure the match coefficient is the fraction of mis-matching bits--
compare with Figs . 19-2 1 which use the fraction of matching bits.)

—67—

—~~~ 4. ~~~~~~~~~~~ 

- - 
_ _ _



--

SD 500

~~0.40-
Li~ -

;::: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~

- - - -

I J_ I I I

+12
DElIS

SL 500

~~0.50—
I I  -
(_-)

~~0.40-

0.10--

0.00 I I I I I j~ 
I ] I I

44~ -‘- 12 ~15
DAYS

Fig. 22 Mean annual persistence climatologles for the three
ranges-of—scale , 500-mb level.

— 68—

__________ _____________________ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ --



r 

- - 

~~~ ~~~~~~~~~~~~~~~~ ~~~~~ 

— -

SV 500
F-

~~0.40-
LL
LU 

- -

Li -

~ 0.20-

~~ 0.10-

0.OO~~
’
~~ I I I I I 1 1 F I I

+12 +15
DAYS

Fig . 22 cont inued

— 69 —

-4.- - - - - ~~~~~— - - —
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 

- 
-

____  
-4.--- ~~~~~~~~ __________



- 4 .

8.3 The RASS Verif icat ion Scheme

The RASS methodology for selecting , scoring and rank ing  analogues

is described in Section 7. As explained , the selection process Includes

considerations of 3 ranges-of-scale and 3 degrees of resolution. For a

regional focu s , the actua l terrestrial area involved in analogue selection

is a function of both resolution and range-of—scale.  Thus , fo r examp le ,

Figs. 15— 17 show the modules and associated ranges-of—scale and degrees

of resolution for the Greater Mediterranean regional focus. It will be noted

that the area involved in analogue selection is much greater than the

Mediterranean Sea itself.

The analogue verification scheme is designed to operate on a smaller

area than that involved in analogue selection. This area (in terms of

modules) is called the OBJECT REGION , and is presently defined as those

modules , appropriate to each range-of--scale, for which full resolution is

used in ana logue selection . Thus , for the Greater Mediterranean regional

focus , the object region modules are as follows :

SD range—of—scale . Modules no. 67 , 68 , 89 , 90 , 91 , 93.
-

~~ (See Fig . 15.)

SL range—of-scale . Modules no. 21 , 24. (See Fig . 16.)

— SV range—of—scale. Modules no. 7, 8, 13, 14. (See Fig. 17.)

Only these modules are used in the RASS verification scheme.

The verification process currently is performed out to eight days from

the time of the selected baseday; this verification period can be varied .

There are basically three stages involved in the verification procedure :
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a. Persistence Verification.  For a selected baseday of time 7
(BD7 ) the ensuring events are matched against  BD.7. . Thus ,
using the nomenclature previously explained :

BD : BD 7. , x = 0 8

This score shows the effectiveness of persistence forecasting ,
i. e . ,  the effect of assuming that the baseday situation remains
unchanged- fo r 8 days .

b. Climatology Verification .2 The baseday, BD , and its ensuin~:
scenario , is matched against the climatology appropriate to the
calendar month (C ) of the baseday. Thus :BD 

r

BD7~ : CBD I X = 0 -
~ 8 .

This score shows the effect of assuming that climatologically
normal conditions will prevail for the next 8 days .

c. Analogue Verification. The day-by-day evolution of each of
the top N analogues (where N can be specified) is matched L
against the evolution of the baseday situation . Thus:

S , : B D  , n 1~~~~ N , x O - ~~8fl ,T +X

where 7’ Is the date-time of the selected analogue S~~.

E~ amples of verification records are given in Sections 8.4 • 1
and 8 .4 .2 .

used in this sense , climatology refers to the mean (in time) of
the component fields .
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Verification of course , can only be carried out using historica l
information. Thus in an operationa l mode the verification scores of
analogues selected for a particular baseday will not be available until
8 days later.

In the RASS verification scheme , record s are stacked as they are
produced and , once an adequate sample has accumulated , various statistical :- -

measures can be produced to show the performance of analogue selections
over , for example , the previous month .

8.4 Demonstration of Current RASS Capabilities

The current capabilities of RASS are demorstrated by application to 
- 
-

two scenarios 3 for the Greater Mediterranean region of focus chosen from
historical records . The first demonstration is based on the scenario ensuing
from 12Z 22 AUG 69 and is presented in Section 8.4.1; the second
demonstration , presented in Section 8 .4 .2 ,  is based on the scenario
ensuing f rom liZ 18 OCT 75.

While studying the tables and charts presented for each demonstration ,
the following points should be kept In mind:

a. As discussed in Section 8.1.2 , because of the inadequacy of the
data base with regard to SD features , little weight can be given
to this range—of—scale . In genera l , therefore , a good match for
SD features Is less likely than for the more-strongly accentuated
SL features.

3
Dates specified by NEPRF.
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b. Analogue selection is based on scenar io-matching ,  discussed

in Section 7.6 , using a “double-ended t ime tunne l ”  of the  type

shown in Section 7 . 6 .2 .  In using this  time funnel however ,

the “ forecast future ” shown on the diagram was available from

historical records . A suitable inpu t to such a time funnel  is

shown on page 58 , but the current data base does not contain

all the required analyses . The procedure adopted to circumvent

data base deficiencies was to assume that any missing field

was identical to the last available analysis of that field . The

effect of this assumption of persistence is, of course ,

particularly severe when matching the SD range-of-scale.

c. The analogue scenarios presented in chart form (two scenarios

for each baseday scenario) must not be regarded as deterministic .

The scenarios given should be regarded as being only two

examples of a set of possible scenarios evolving from initia l

conditions similar to those of the baseday scenario . Crhe other

possible scenarios have not been included in this Report due to

space limitations.) The set of possible scenarios would be

used , for example , to compile a forecast of surface winds in

probabilistic terms—-there are many other potent ial uses .

d. The term “ climatology ” used in each of the two verification

summaries refers to the monthly mean field for each of the nine

component-fields. This mean field , of course, Is relatively

flat and featureless and has no utility in generating weather

information--no more than wea ther informa tion for the
Mediterranean can be produced from , say ,  a monthly-mean

chart of sea-level pressure . Comparison of the fields

representing an actual meteorological situation with the mea n

fields merely yields a measure of the degree of pattern
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similarity between these two sets of fields; this measure has
little significance.

The two demonstrations are presented without discussion of the tables
or chart s as significant similarities and differences are readily apparent by
visua l inspection.

The first table in each Section shows the top 25 analogues. For
each selection , two rows of figures are given; the upper row show s scores
based on the baseday situation, while the lower row shows scores based
on the baseday scenario. Crhe ordering of the selections was based on final
scenario scores.) All scores are given in part s per 1000 ( i .e . ,  % x 10) .
The first 9 columns show the scores of unweighted matching bits for each of
the nine component fields. The sum of the unweighted bits , normalized to F

1000 , is shown in column 10. The final column shows the final score based
on the weighted sum of matching bits , again normalized to 1000.

As will be noted the top eight analogues for the summer case and the
top nine analogues for the winter case were part of the same sequence as
the baseday and these cases , therefore , have been excluded from the
verification summaries.  These are given in the next four tables in each
Section and show , for the baseday to baseday+8 days , the scores for each
of the nine component fields.  These scores are in terms of unweightod
matching bits , apart from the final row which is the weighted sum of
matching bits . For each verification summary the mean-field climatology
is given first (see pa ra graph d above) , followed by persistence. Then
follow the scores for the ten scenarios selected as most closely resembling
the baseday scenario.

—74—

- -~~~ -~~~~~~ ~ - -- -- —- —  -- —- - 4 .  4. — ~~~~~~~~~ —
—

~~~~~~~ L~~
_-_~ ~~ _ - - - ~~~~,



- -

Each demonstration presents chart s for 3 scenarios showing the

SLSOO , SL1000 , SD500 and SD1000 component fields at day 0 , day 2 and

day 5. The first scenario in each case is for that of the baseday followed

by two scenarios chosen from the list of analogue selections . These are

as follows:

1st Scenario 2nd Scenario 3rd Scenario

5 12Z 22 AUG 69 12Z 04 SEP 52 12Z 15 JUL 66SectIon 8 .4.1  
~ (baseday) (selection 10) (selection 11)

( 12Z 18 OCT 75 12Z 26 APR 72 12z 10 NOV 68Section 8.4 .2  
-

~ (baseday) (selection 11) (selection 12)
r
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8.4.1 RASS Demonstration 1: Baseday 12Z 22 AUG 69

List of contents: :1

Analogue Selection Table: page 77

Verification Summary : pages 78-8 1

1st Scenario (baseday) : pages 82-93

2nd Scenario : pages 94—105

3rd Scenario : pages 106—117 
-

~~

(To facilitate study of the charts , each scenario has been separated from
the next by an unnumbered yellow insert ; within each scenario sets of
component fields are separated by an unnumbered blue insert.) 

- 
-

I

i
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8 .4 .2  RASS Demonstration 2: Baseday 12Z 18 OCT 75

List of contents:

Analogue Selection Table : page 119

Verification Summary : pages 120—1 23

1st Scenario (baseday) : pages 124-135

2nd Scenario : pages 136—1 47 :1

3rd Scenario : pages 148—159

(To facilitate study of the charts , each scenario has been separated from

the next by an unnumbered yellow insert ; within each scenario sets of L

component fields are separated by an unnumbered blue insert.)
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APPI :NDI X A

SCALE-AND-- PAT r ERN sPECTRA
AND DECOMPOSITIONS

Two of the f undamental  concepts In the Interpretation of meteorological -

fields are those of pattern and scale. In 1963 , Mu developed an obj ective 
—

technique 1 for separating any geophysica l f ie ld  into recognizable

characteristic patterns , or feat ur es , evident in the f ie ld , so that  their

relative contributions to the tota l can be quanti ta t ive ly  represented .

Usi ng the 500—mb height field (lIT) as an example , this  may be

decomposed into additiv e component ranges-of-sca le expressed by:

HT = SD + SR

= SD I- SL + SV

where SD is the Disturbance r ange-of—scale component

SR is the Residua l ran ge—of—scale component

SL is the Long-wave range-of-scale component

SV is the Planetary Vortex .
By definition , SR = SL + SV.  a

Figure Al shows the 500 — mb height analy sis for 12Z on 21 OCT 64.  
-

Decomposing this field into its inherent ranges-of-scale yields the SV

field shown in Fig . A2 , the SL field shown in Fig . A3 and the SD field

shown in Fig . A4.

1Manfred M. I-loll , Scale- a-md—pattern spectra -i and decompositions ,
Technica l Memorandum No. 3, Contract N228— ( 62 27 1) 6 0550 , Meteorology
International Incorporated , Monterey, California , 1963.
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