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Fourier expansion techniques in objective analysis

, Y. RA)IANATIIAN and D.u, SIKKA
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(ReccilJf'd 9 Apr/1 1970)

AD.'rrRACT. Ctc'l't."m.ln",;t ObjAetiVAA.ndy",i~ procN uro h~~ IJl'An intorpected in tho lil:ht of g<'rK"r:tIi_~1 F.,urior
tranf'fonn ." anll is shown 1\."1 Rplaet.ical met,hll·1 of lo"1l1point Fourier AnJ\I,p~i". A prooodllr'f" to "..n~trnct. empht udcs of
Ule field of"ll llly~i!l frurn t he gritl point. p~wl<l nl"""'rvllt ion<J anclMt ual stnt ion location...~ ii thB Dl liicllq,bl. Thpobieetive
8 11l\1) "!l. is lieM Ill'rh-l'C1 Imm thn...qanlpljt u(l,.~ COllljN,n-'l. f.'lvollrnM.y with the subjeett ve 811 l\ 1.~is. PO"-;.'l ibl ", 1ll000Iilic:,tioIlS
ere s ugeested rnr IUlBU.(·1I1pl kul*'Cr'Oll'tP th~ "ltmnJ{ hill !:iOrtho Itl'lClliln " b~rrntions ovee t he !\Chud IltBtiOln d ata in tho
an!llysilJ.

The idea mot ivating generalised Fourier analy­
sis is 10 make this convergence possible. To this
end we create a set of sealing funct ions GR (x, Y),

He;

These problem. were discus sed by Petersen
(196; ), who found theoret ical support for usina
tho lat est prognosis as the first gues.~. \V'e note
tha t the progno .sis nt. the time of analysis ha:i al­
ready been incorporated ill th o nsahle information
of the previous observ atio ns. Consequently, it i ~

nil useful parameter for the first gue.s1'l. Petersen
(loc. ril ) also demonst rated that for pure waves as
input, with a rdatively sparse periodic array of
hypothetical observation points, the wave num ber
transfer function of Cressmnn's procedure is app­
n-ciably broad . For a typical distribut ion of upper
air reporting stations this procedure transfers
nbollt lO% of th e inpu t amplitude into oth er wave
number regions.

2·3. Crcssmen's procedure may be intui tively
considered in the light of generalised Fourier trans•
forms, The following considerations are relevant.

Let the difference between the actual observation
and interpolated first guess valu e lit the observe­
tiou Ioca tion, represented hy S(x, yyhe taken as a
correction factor in a finite domain (L , B) around
th e grid point. We represent L as the length in tho
Xvdirectiou and B a" the breadt h in the Y. direc­
rion.

For t he existence of a Fourier t rans form of
S (x,.'/ ) a sufficient condition is the convergence
of the integral,

I . IntrodueUon

Objective nnnlys is methods have g;aillerl im­
portance in ?t[ctrorology afte r the advent of num­
erical weat her prediction in which we solve a se t
of dynamic equations for tcn41('lu:y with 1'('~pt"Ct

to time for a number nffit'ltl paramct-rs. 'rI ll' 1Il0~t

widclv used method for ohjocrive annlvsis is by
(~es..~tan (19r;!1I. lhough there are other'met]u)(h
in operational use (Gunrlin 19n:I, Kruger 190i ).
In thi s st ud y we shall be concerned with Cress­
man's technique.

2. Cressman's analysts procedure and ce neraliStd Fourier
transforms

2.1. From the weight ed average correction,
first reported hy Bergthorssen and Doos (1955),
Crc5lsman evolved an ite rative scanning proce­
dure whereby the guess field on a regular I(rid point
wag modified by reported observations in sucoes­
sive roans. Tho first J!Ut~SS value at each grid point
was adjusted by nil observations lying within
n radi usof influonoi n from the grill point, This ad­
jusred value becomes the initial bttIe~~ for n. sucece­
d ing scan of smaller radius. Th e number of scans
and radiiarccho-en to incorporate the finer details
of the analysis. The adjustment is. done hy giving
suitable weights to the departure of tho current
observa tion from the interpolated value of the
gue.., field. Crossman used a weighting function
([)2- Rt)/([)2+R2) where, D is tho radius of the
scan and R is the distance of the observation loca­
tion from the grid point.

2,2. The pert inent questions which ari se in this
context are : .

(a) What is th e role of th e first guess field;
and

(IJ) How does it influence the final results 1
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