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Growth of random errors in temperature forecasts by
numerical method using centred time-differences

Y. P . RAO· and K. S. RAMAMURTI

.lleteorologirol Qf!ice, P{)(Jtl(J

(Receit'ed 21 January 1970)

ABSTRACT. The growth of initial random errors in temperature foreeaete by numerical method using centred
tlme-dlfferencea ill Inveet jgated. Horizontal advection in One d imension le ooneldered. A8l1Umio" that there i. no cor­
relation between the initial random errors at the diff(,rflntgrid point. and neglecti ng any correlati on that may develop
in the course ofcomputation. the random erroregrow much more rapidly in thiil method than in Conran! time differen ­
cing. In both meth ode, ccrre tetione develop between the random errore at different grid pointe in the COUf'IIe of computa ­
tion . WheD these are take n into eeeount, the growt h of random erro re is further enha nced in the forward dtfferen cee,
In the centr ed t tme-differencee meth od. these eorrcle tlone keep the rando m error almost at tho initial level.

Assuming that thc errors in A and B are uncorre­
lated, it was shown that -

Var 0 = 12 Var B + J12 Var A +
+ Var A. Var B (I)

A and B represent the correct values free of error.
Var 0 is the variance of error in 0, consequent
on errors in A and B. The other relation used
is that if,

1. Introduction

I n an earlier paper, Rao and Ramamurti
(1970) derived an expression for thc growth of
random' errors iu temperature foreeasta by nu­
merical method calculated by forward timo diffe­
rencing. In order to minimise truncation errors,
it is more usual to prognosticate temperature
using t ime-centred diffcrcnces. Increase of random
errors in temperature forecasts by the lntter method
is discussed in this paper .

Thc statistical method developed in the earlier
paper is briefly recapitulated below, as it forms
the basis of this paper as well, Lct th c function s,
A, B, and 0 be related as -

O = A xB

and

(9)

(3)T( l ) = T( O) + (6 T/6 t). 6 t

aT- - =at

In deriving these relationships it is assumed that
there is no correlation between the T term and
the corresponding 6 T!6t term .

Neglecting diabatic heating and assuming that
motion is dry adiabatic,

T(n) = T(n - 2) + 2 (6T/6 t)._1 6 t (Ii)

where the suffix of (6 T/ 6/) indicates the time for
which the ratio is calculated,

Therefore,

Var(l) = Var(O) + (6/)2 Var (6 T/6 t ). (6)

Var(2) = Var(O) + 4(6t)'.Var (6 T/6th (7)

Var(n) = Var(n-2) + 4(6/)' Var (6 T!6t) ,_,

(8)

All subsequent steps are by time-cent red diffe­
rences, so that,

T(2) = T(O) + 2 (6 T/MI 6 t (4)

tho first time step is calculated by forward time­
differencing as-

(2)M = P +Q
Var M = Var P + Var Q

provided P and Q are uncorrelntcd.

2. Error In roreeash by tlme-eentred ditrerenC8S

The procedure of forecasts by time-centred
differences is outlined below. F rom the initial
temperature T (0), the temperature T(l) after

Assuming,

(i) Varu = Var v=VarU

(ii) (6 T). = (6T), = (6T)
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