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ABSTRAOT. With the help of 5.day mean data for the ten-year poeriod ( 1055-64) for July and August, empi-
rical infiuenca coofficients have besn worked ont. With these coefficients we derive a linear predietion formuls {or
700.mb contours at 12 radiosonde stations in India. We assumo thabt the prodicted 700-mb contour height ia
a Hnear funetion of the contours in the past pentad. Tho coofitcients in our prediction formula are ovaluatod by the
method of least squares using past data.

The usefulnsss of the method was testod with data of 2 years (1965-068) and wo find good succoss in forocasting

brond features on 5.day mean cherts,

1. Infroduciion

Medium range prediction techniques are of
great value to forceasters in India, The predic-
tion of 5S-day mean rainfall anomalies was
attompted by ssveral workers with the help of
700-mb  contour heights of the previous pontad
(5-day period) as selected points. Studies
(Shukla 1967 and Mooley 1967) have been
made of & possible relationship botween rainfall
anomalies and 700-mb height anomalies. Pant

et al. (1965) made an attempt to set up
- linear regression equations between the moan ~

pentad height and the height on the fiest day
of the pentad for five grid points over India,
Although, this was a pioncer attempt in this
line, tho method cannot withstand the opera-
tional demands of the forecaster on account of
the inherent limitations of the method, The
aim of the present study is to devise & niore
general and  operationally convenient method
of forccasting B-day mean contour heights for
12 radiosonde stations in India.

2, Let I, H,...... I, vepresent the TU-mb
height values até 12 radiosonde stations in the
current pentad. The 700-mb height in the next
pentad ab any one station (say station 1) may be
represented by 4. Wo ussime ¢y is related to
i, I, ... Hyy by —

tle predictors and the predietand is an assump-
tion, but we propose to consider non-lincar as-
peets in a later investigation,

"The mothod adapted to find these coofficients
is Dased on the principle of least squures, which
has the property of minimizing the errors of
forccasts.

In matrix notation, equation (2:1) may be
expressed as,

= AHF¢ (2-2)
where ¢ is a » X 1 vector of forecast heights,
1 is a n ¥ K vestor of observed heights,
Aisa K > 1 vector of cocllicients, and
eisan X 1 veetor of errors.

It our studies, # = 120, K = 13, For conve-
nicnee o computation, I, was fed into the
computer memory a8 unity so as to have a cons-
tant fern.,

e sam of squares of the error is —

8 = (b= Lll). (pit1]) (2:3)

A nevessary condition for minimizing S is —

o

= i

o
—

- B2 o
rf;l— (rrl'l) = 2;‘ An ][u + -‘-[13 (2‘1)

The bar {--) denoles  the mean value (3000
apm i Ahe present case). Owe wim i {0 find
ont oy Usongeh oy (hevealter eadled empivical
inffenee coflicients  or - predictor operators)
for all the twelve stations wivh the help ol past
mebeorological dita, 3 linear  velation between

ot U (p—dd1l) = 0

Whenee oA == (1INt 1. ¢ (2+4)

wlhiere (- F), s tee und pix of the suns ol siprres
sl procinets ol the wlopents of  the colim
veetars eomposing L The pathrix I8 nomestagndae

and may bo inverted.
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TABLE 1
Forecast {F) and Observed (0) values (- 3600 gpm)

Teriod {1065) F 0 F G ¥ 0 ¥ 4] ¥ 0 ¥ 0
JODHIUR ALLAHABAD  CALCUTTA QGAUHATI BOMBAY ¢ DELHE -
e T s T e B b e T e it
4— 8§ Jul 07-67 112 8407 83 7505 00 7837 171 86-87 126 0123 92
§—~13 Jul 101-69 111 §3-18 82 86:-04 53 si-a4 55 102-¥3 103 424 69 t
14—~18 Jul 03-06 166 66-62 73 50-88 6 - T3 87 §2-80 W 746 T3
1923 Jul 7728 112 003 9 .71 183 8350 102 §3-33 78 719 79
2423 Jul %38 0™ 80:52 53 8501 42 8546 86 86-33 07 36-72 03 .
29 Jul—2 Aug 82-80 72 L1} 55} S X 60-03 71 78-80 T3 0347 04 6957 37
d— T Aug 5:03 118 62-50 90 7324 01 8i-49 69 95-17 110 73:37 83
512 Aug 101-35 127 8G-81 113 82-00 118 St03 W RS 110 93-3¢ 109
13—17 Aug 10545 B BLIT T A2 110 0E3L 0 093 8873 119 10L6s 113
1522 Aug 107-63 132 38 s S HAL TR N Nge78 112 HAEH I ] 12-50 107
3327 Aug HUSYE I ) 83-21 03 T 85 §3-07 1L 83-30 103 9205 86
PORT BLATR  VERAVAL  VISAKHA. MADRAS  TRIVANDRUM  NAGUPUR
PATNAM

4— §- Jul
0—13 Jul
14—18 Jul
19-23 Jul
24--23 Jul
a4 Jul—2 Aug
$3— 7 Aug
8§12 Aug
13--17 Aug
18—22 Auy
2387 Aug

B T T At Y o T S DS Y W,

1977 137 77-86 160 7003 1Y H1-59  13¢
123-80 13 03:71 109 0257 3 113-99 114
10775 120 12-30 76 33-50 4 03-31 103
120-08 138 75-56 73 7850 L1 195-41 114
132-20 I3 80-18 04 8¢-33 G0 114:03 123
122490 1to 441 81 L 3K X S 51 115-45 1
12193 122 9%-01L 103 0400 102 334 127
119-60 139 83403 139 8433 124 16-22 114
1476 129 M3 117 24-05- 123 1t-03 LY
1ne17 12 8305 iID si-460 04 102-21 103
Tgp-2L 128 3007 I 2 ot 9.9t I21

12300
126-34
i19-20
127-97
133-83
122610
131-14
121-33
1S40
11745
183349

144
144
132
148
134
14t
123
ki3

).

i
11
13

e

-t~

Ti-40
88-53
3352
FNES
7734
63-08
S6-51
51-03
D76
S4-50
76442

108
164
Tt
88
93
83
104
135
127
HH]
o

TABLE 2

Rank correlations between observed and forecast valties
on 22 occasions

tunk correltions for years

1*orknd

{pendad ddadez) {—l‘!‘Iii.‘i e 1Hit i
4 oddul -8 Jal 74 Tl
9 Jul -Eb Jdud [IEY -4
gl s Jul [IBT 507
HoJul 23 .l il U2
24 Lhil- 28 -6ty ) N8
2 Jul- 2 Aw 151 1t
B g - T Aug He St [IRXTN]
Sy 12 Ay e 2 . "Ny
2 Aue 47 Ay nefi 1o
I8 a2 Ay tie Tl te i
B Aux 27 Aug te 7 I5:h
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The major computational part of the problem
is to invert a 13 % 13 matrix, which hes been
carried out numerically on sn cleotronic com-

puter.

3, Practical conslderations

Tn such problems, one is confronted with the

roblem of sclection of stations and the seleotion
of data. In ourstudy, we considered data from
all radiosonde stations in India. As far as the
selection of data is concerned, keeping in view
the stability and accuracy of the predictor para-
meters, we decided to classify the data on a
seasonal basis on the assumption that hroad
physical processes have less variability during
the course of a season. In the present study
only the data for July and August for 700 mb
were used. It is proposed to extend the study
to other scasons later,

Tive-day mean  eonfour heights of 700 mb
for all- the 12 radiosonde stations have been
used for the month of July and August for the
ten-year period (1955-64)%, As a month consists
of six pentads, 120 is our sample size, and we
have a system of 120 simultaneous linear algeb-
raje equations in 13 unkmowns. As discussed
curlier, the 13 unknowns are evaluated from
120 equations by the methad of least squares,

It may be recalled that the basic computa-
tional problem is the inversion of 2 13 X 13
matyix and tho multiplication of this matrix by
2 column veetor ¢ (Eq. 2) will give us the column
vector of coeflicients,  The inverted matrix re-
mains the same in all the operations and enly
the eolumm veetor ¢ changes {or all the stations,
giving different sets of cocfficients for different

stations.

Tor convenicnee in compuiation only contour
hoights in excess of 3000 gpm were taken mto
consideration for all the stations and all the
pentads, 1t may be pointed out that because we
ussume a linear yelationship, this simplification
does not decrease - the acenracy of the methed,

After the coefficients Lave been evaluated, the
sum of constant texm, the products of coefficients
andd heights of T00 mb in excess of 3000 gpm for
the corresponding  stations will give ws  the

Leight of the 700 mb swifuce in the wext pentad
for the particular stations under considerations.

e order of-stations {or the purpose of multi-
Jeation with the eocflicients has been, ndicated
i Table 1 and same ovder 35 nutintained for the
computation fur other stations,

= A fter 161, Almedabad daba bas been taken for Vegaval

We have also evaluated the difference botween
the observed values and the values ealeulated
with the use of regression coeffieients, It was
observed thut the difference was less  than
90 gpm in nearly 85 per cent of 120 cases for
ench station, ro

4. Resulis

Complote set of 12 coofficients and  econstant
terms have been ovaluated for all 12 stations.
They are given “in Appendix I.

The twelve vegression equations, corres-
ponding to 12 stations, are presented in Appen-
dix 11,

The letter S stands {or 700-mb vontour heighb
(in excess of 3000 gpm) of a station and suffixes
1 through 12 ave for the 12 sfaticns as indicated
under the the foot note of Table 1.7 A prime
denotes the predieted 700-mb contour height in
the next pentad for the corresponding statimn,
As an example, S, and &'y denotes the 700 mb
contour height {in excess of 3000 gpm) for Jodh-
pur during the ewrent and next suhsequent
Jrentad.

Thus, using observed values of 700-mb contonrs
for 12 radiosonde stations during the current
pentad, a forecaster may prepare the foreeast
pentad heights with the help of the equations i
Appondix 11 and a small hand uomputing ma-
chine.

Phie method for erlealating the forecast heights
s heen dllustrated in Appendix 11 by propuring
a sample foreeast  for one STation.

5, Verification

Po test this techmique a series of 22 Jorevasts
were prepared for July and August with the data
of 1965 and 1966, The observed and forecast
values are presented in Table 1oy a fow nentads,
I oxder to test the saceess of the method in fore-
casting the oeanTence o NOR-OrCurTene: of chief
foatures (ke troughs and Jows ete) on the 3-
day mean ehart, rank correlations Imve been
worked out  between  the observed and foreeast
contour heights for 22 oceasions, The values of
the rank coyrelations are given in Table 2. 1t
is seen that the average values of the rank corre-
fations s U-6F but if we exclude two nmsual
cases  (one in eash year, 3 At T August
1963 and 14 Jalv—18 July 1466), the  averae
is 070,

The  alservied and  foreeast confonr bl
charts are shown in Figs, 1l 2 for two oeca-

SN,




410

4 1 - T i i L] ¥
opsERvElD
$-13 JULY 65

Fig, 1(3)

I i 1 T 1 I I
OBSERVED

w-15 JULY'66

oo 3b90

&
"‘1.

w S8 ]

Fig. 2(a)

& 70

6, Conclusion

This paper is an_ attompt toevolve an objective
method of forecasting T00-mb contour heights
over 12 radiosonde stations. It is proposed to
extond the study using data for other lovels
also, Wefind that the method shows good success
in foreeasting the braad synoptic patlerns on
5-day mean charts.

The stability of the coefliciends may be tested
and modified, 1" needed, with more  mdeperlent
data which is likeh to becone avaikible in Tuture,

It may, however, he  poinfed  out that wdike
the extra-trapival Jatities  the temporal the-
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Fig. 2(b)

tuations of the meteorologioal] elements are
not large even for a 5-day petiod in the tropies,
and perhaps more refined hydvodynamical or
statistical models may be needed for objective
medinm range farecasting purposes.
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APPENDIX 1

Regresslon coefclents and constant {erms

JDP ALB ©OAL GHT BMB DLH PBL VVL VZG MDS TRV  KNGP Const

JDP 4o 22 41834 —-118 —-015 4401 —019 ~—'114 —014 4188 +4-137 —335 —-034 T0-008
ALD 4014 40335 4-182 —-314 4102 44061 —-141 —204 4260 — 171 — 087 205 44-121
CAL — 11§ —011 -3--383 —-034 5--000 4038 4--262 -04F 4 1S 4106 — 142 —014 26-530

GILTY — 148 4011 LT 40140 =044 40045 40185 40037 —024 —:030 —'150 4018 75-706

BMB e 03f —-00% 027 4--070 4538 — 110 40138 —-205 4008 4.-258 —-250 ---163 69244

DLYH '-%'157 44092 4-210 —-080 +:078 4023 —r040 —-09¢ -°208 42556 —-243 —086 48-551

3L 40043 — 030 4-147 4+036 —'013 —021 4--240 —285 —045 4--376 4026 —016 00-511

VYL 16 —000 4--027 4--206 4107 -—-288 4--217 -£-203 .38 —017 —-145 —-173 5£3-485
V&G )25 134 |- 200 +-M2 40010 —-125 ~—043 —180 4.-5d4 o374 —181 310 74-0623
MDS 140 — 077 30083 4-060 40077 4026 40235 162 —OW 42858 4+013 083 67-903
TRY — Q44 — 06 4165 -—-085 — 104 —026 4241 —031 023 044 o184 —-186 95-550
NGp ’w'-lT:’» — O8] 350 40041 237 184 f-026 —003 +-302 4031 —-262 —118 81'137

(%) ALVB—-Alalalad, (3) CAL—Caleutts, (4) GHT—Gavhali, () BMB—Bombag, (0) DLH—Detki,

(1) ST —Judhpur,
() V4G —Visakhapatnwm,  (10) M4 -=Madeas, (1) TRY—Trivandrum aml

{7) PRL--Port Bhir, (8) VVL=Veraval,
(12) NH—Nagpar.  Const—Cunstant
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APPENDIX II

S 1 S 2 393 lq‘ tqa S‘ S 7 S ] S' S 19 lgi L S 11

8 e 4022 4ood3d o181 015 340l — D18 —114 —-014 LI5S o137 — 385 034 170-003
&y = -pe0l4 4335 4-188 —1ld 0102 001 — B4l 204 o260 o171 =r097 205 44121
. & = —118 —-011 +-383 —-03¢ —-066 038 4202 4041 105 4106 — 142 —-0I4 -125-539
8y = 16 001 11T 4140 — 04 10045 0185 £-03T —02¢ —-030 —180 -016 +75-760

8y = =084 ~—-004 J-027 4070 --+538 —-110 L4138 205 ---003 --258 —-256 —-163 L69-244

Sy = 16T 4062 210 —080 o078 44023 — o040 —004 o025 r235 o3 0D -43°551
8y = b3 030 o147 4e036 —o013 —o021 o240 —-285 —-0d3 o378 2025 —-016 ..80-541

VT =009 027 200 4167 —r288 4217 4--203 0385 —-017 — 145 0173 J-53-487

=
1

Sy = eer120 =134 o200 o042 F-0I0 —01265 —043 —180 b5 374 —1S1 —ar340 744523
§y = =140 o077 o008 0060 4077 4020 1235 — 158 — 007 -285 013 —-083 -L.67-003
8y = —04f —o070 4186 —-063 —-104 —-026 4-241 —-031 —023 -0t 4-I84 — 108 05550

8y o — 176 —081 4350 4--041 4837 —-164 4028 —098 1302 1031 —-2082 —-118 .L§1-137

APPERDIX Il
A sample forecast calouiation

{i) To compute the (foreast) Td-mb santour hoight over Dolhi for pentad 4-8 Tuly W65
{ii} The 700-mb contour loight in the pontad 20 Juno -3 July 1963 is known and i as follows -

JDr AL CAL GHT DMB DLM PRL YVL  VZG MDE TRV NP

700 b contonr
height 0004 12
in gpm

[
W

147 135

-1

§7 k) 1 110 103 128 HE 1t I

{ifiy Therefore, inagreement with the equation in Appaartix TE the 700-mb sontonie hoishb ovee Dolhi in the nogh pentawd s —

-0 127 A IST-ST 00002 17900 210 =77 L 0- 08y
IO TS S I 2328 L U085 - O
L0 L1221 233 —LET <00 243 085 0000
Ay
UL g

The avtnalphsaeved el ol 703 b 2l e foighb sese PothiTn tho panta D=3 Taly 1963 waa 3002 pa



