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1. Introduction

1.1 4 weather forecast may range in time from a few hours to many days,
rmonths; or years. Between the short-range forecast covering a period of say
24 hours to a climatic forecast which may span thousands of years, we have a
wide spectrum. In meteorological parlance, a forecast that is valid for a
period of about three to seven days is known as a medium range forecast.
Forecasts of longer duration go generally under the name of extended-range
forecasts. For clarity, it is desirable to epecify a medium range forecast
by the exact number of days it covers. For example, a forecast valid for
five days mey be called a five-day forecast; one valid for seven days may be

called a seven-day forecast.

1.2 Although scientific weather forecasting commenced almost half a century
ag0, the emphasis during the years las been, almost exclusively, on issue of
short-range forecasts, primarily because of heavy demands for these forecasts
£or aviation ard other operational requirements. Nevertheless, need for
medium-range forecasts has been increasingly felt in recent years in connection
with arricultural operations, military and economic planning, hydrological
werning systems, etc. The importance of medium-range forecasts for a country
}ike India whose economy is vitally dependent upon the vagaries of weather can

hardly be over-emphasised.

1.3 Since the methods of medium-range forecasting developed so far are

quite involved and require rather elaborate arrangement, not many countries

of the world are at present preparing these forecasts. 1In fact, there may bve
in all about a dozen countries only which are actually doing so. In general,
there have been two main approaches to the study of the problem ~ one through
purely statistical method and the other through physical-cum-statistical metloc
The purely statistical method aims at evolving suitable regression equations
connecting the predictand (the element of weather to be predicted, suzh ~s
rainfall or temperature) with suitable predictors such as heights of isovaric
surfa.ces, isobaric thicknesses, etc. In the physical-cum-statistical metled.
an attempt is made to understand the physical or natural evolution of Zzrge

scale meteorological systems which have & period of their owmn and Juriag w

period they exercise their influence upon the day-to-day weather. fuch rei-.
rological systems with a period of natural evolution of their own are kncwn
daifferently in different countries, e.g., “grosswetter™ in Germany (Banr, 194:
"long waves in the westerlies" in U.S.A., "macro-hamogeneous processes® in Rus:
Early studies in the field of medium-range forecasting were directed rowardi:
learning more about the characteristics of this natural evolution or large-s:a’
meteorological systems and the laws that govern such evolution. For thisz pu-
pose, the Russians used camposite charts which traced the day-to-day positions,
movement and develoment of important systems such as troughs, ridges, fronts,
etc. whereas the Americans used the five-day mean charts. From the trend of
development revealed by these mean charts, long period changes in meteorolcss o
systems were predicted and the expected weather was expressed in temms of depa:
tures fram olimatic normals, such as "much below normal®, "below normel™,

"normal®, “above normal™ and “much above normal".

1.4 In the following sections, it is proposed to present a bricf review of
methods that have been developed in the field of medium-range forecasting, wis
particular leaning towards the physical or physical-cum-statistical appreach.

The statistical approach which has been fairly intensively pursued in India wi.

be reviewed in & later section while reviewing the work done in Ind:ia.
2. Methods of Medium Range Forecasting

2.1 The following are some of the methods that have been developed and tru

for medium-range forecasting of weather :

(i) The typing method (ii) The analogue method
(iii) The mean circulation method (iv) The method of matural
and (v) The numerical method synoptic periods



The essential features of these methods are itated in the following paragraphs

2.2 The typing method

In the typing method, pact vocine: s tuations are classified on the basis

of types an1 ihe ~lagsification is used to select a past weather situation which

*2ar3 the -lusest resemblance to the present. The evolution of the selected

ds upun the correct identification of the type and the ability to fore-
cart its develomment into succeeding types. Correlation techniques are

used fcr f-recasting. Attempts have been made to obtain, i) the probebility
¢f one type of map succeeding another and ii) the relationship of subsequent
positions of various centres of action to their previous positions. The
+yping me.-od has been widely used in Germany (Hess et al, 1956; Hoffmann,

1957 and U.S.A. (Krick, 1942; Blliiot, 1951).
2.3 ’l‘hq analogue method

2. Th- analogue m thcd rcets on the belief that similar weather situa-

% vvolve in e similar cenner so that if we can find a past weather situa-

ch is similar to ihe present, the evolution will be similar.

[ilthcugh “he anslogue me:hod has been used in U.3.A. and Britain, there are a
rumbte> ~° limitations on the succeas of this method. Firstly, it is the
1:fficelsy of --lecting right amalogues, and s-.ondly, even if we succeed in

podn~ un the ~ight ones, there is no gweran. - that they will evolve the
ssre wmay, In 1:tual practice, it is extremely “ifficult to get iwo charts
which are quite si.\'x'nﬂar in all respescts. It has, therefore, been suggested
that analogues should be used in conjunction with other methods, either as an

aid or a check on pressure pattern prognosis.

2.3.2 While the basic approach in the typing and analogue methods is the
sawe, viz. to find past charts similar to the current chart and use these for
Torecasting, the difference in the two methods lies in the technique adopted

for w1l s ng aimilar past charts for issuing forecast.
2.4 The mean circulation method

2.4.1 Medium-range fori:casting by the mean circulation method involves
four distinct stepss (a) a quantitative descriptian of the initial state of
the general circulation, (b) predicting the changes in the genersl circulatiem,

(c) interpreting the predicted ciroulation in terms of weather and (d) deducing

sion t a4 forms the guideline for the forecast. The success of this method

the day-to-day sequence of the weather within the forecast period

2.,4.2 Namias and collaborators (Namias, 1947; Namias and Clapp, 1951; Jay,
1960) who evolved the mean circulation method used the well-known “index cycle"
to represent the general circulation and its changes. A change in circulation
indices was usually forecast after due consideration of the physical processes
involved and by using statistical relatimships. The influence of such
factors as “confluence" and "blocking" was given due weightage in assessing

changes in circulation indices.

2.4.3 Other methods used to forecast the mean circulation or the five-day
mean contour pattern include use of (1) the Rossby wave formula and (2) the
trend and kinematic methed. Canatant Absclute Vorticity (C.A.V ) traj :-
tories are also utilised to derive ths directions of movement f :-ough and

ridge systems and changea in their amplitudes.

2.4.4 The trend and kinematic method utilises the trend in cont ur v lues

between the observed five-day mean chart centred two days before the day of
the forecast and the five-day mean chart centred on the day of the forecast.

The latter mean is obtained by taking observed values for three days and
statistically derived values for two days. Petterssen's kinematic equations
are then employed to derive the future poeitiamns of contour systems. The
final forecast is issued after careful examination of products obtained by

both the physical method and the trend and kinematic method.

2.4.5 The next step is to transform the prognosticated contour chart in
terms of mean weather znomelies, such as preéipitation or temperature ano-
malies, For this purpose, statistical relationships are used. These
relationships have proved more useful in forecasting temperature ancmlies

than precipitation anamalies,

2.4.6 The break-up of the five-day mean weather anomalies in the form of
the daily sequence is the most difficult process and to date no satisfactory
method has been evolved far doing this. Both physical reasoning and statis-~

tical considerations sre applied but the success is often limited.
2.5 The method of natural synoptic periods

2.5.1 This is more ar less the Russian version of the mean circulatiom

method, since the two bave many features in cammon. First evolved by



Khrabrov (1959), the method rests on the findings of Mul'tanovskii that there
are natural periods ranging from a few days to a few weeks during which “an
orienting process develups in a definite manner with the sign of the field
being preserved in the area of the natural region". These periods are the

periods of natural evolution of a macro-homogeneous synoptic process. The

most importent feature of a macro-homogeneous synoptic process is the so-called
high-altitude planetary frontal zone (h.p.f.z.), which is identified as the
region of maximum pressure gradient or the line of maximum wind at a level.
Like the index cycle, the h,p.f.z, undergoes a definite cycle of change

during & macro-homogeneous synoptic process and accounts for such changes in
circulation features as warm and cold advection, the number of long waves,
etc. The different evolutions of the h.p.f.z. have been typed and their
relationships with the wave-length of the h.p.f.z. established and these are

made use of in forecasting.

2.5.2 From the observations of the behaviour of the h.p.f.z. during the
first two days of a macro-hamogeneous synoptic process, the future positions
of the pressure or contour systems and the evolution of the h.p.f.z. are

derived. Typical trajectories of pressure systems connected with & particu-
lar position of the h.p.f.z. are also utilized. Weather expected in dif-
ferent quadrants of the pressure systems during movement along the tra jectory

is then forecast. Analegues are also used for this purpose.
2.6 The numerical method

2,68 During the last decade or so, the availability of fast computers
has made possible numerical integration of the hydrodynamical equations of
motion for periods up to 96 or 120 hours and the computed values are readily
available for use for medium-range forecasts of weather. Namias and his
collaborators (1958) tave given a detailed account of the various numerical
methods currently in use in U.S. Weather Bureau. These are known as the

trend method, the summation method and the basie current method.

2.6.2 In the trend method, five-day mean 500 mb chart centred on the day
of the forecast (the trend map) is constructed automatically on the computer
by taking observed height values for three-days and extracting the predicted
height values for 24 and 48 hours from the short-range numerical forecasts.

A field of 2-day height tendencies of the mean is also computed autamatically

and superimposed on the mean contours. The resulting fields of height and
height tendency emable kinematic computation of the long-wave motion and deve-
lomment and assist in arriving at the forecast for the desired five-day period
(which is centred four days in advance of the “trend map“). The numerically
produced trend chart, by automatically including 24 - and 48 - hour numerical
forecasts has made the procedure faster and more reliable than the earlier
statistically~produced trend chart. The trend method permits forecasts to be
made of mean state centred each day upto 4 days in advance. While such a
forecast series is found to be useful, it should be borne in mind that the real
atmosphere is not so simple in its behaviour and that pure extrapolation methods

are bourd to meet failures.

2.6.3 In the summation method, numerically integrated forecast values for
four days and the observed value on the day of the forecast are taken to form
a five-day mean chart centred two days in advance of the forecast day. The
two-fold purpose of the summation chart is (i) to provide a mean chart two
days in advence so that comparison with earlier observed mean maps and the
trend oharts may enable further inferences to be drawn regarding evolution of

the mean state, and (ii) to derive estimates of mean temperature anmalies.

2.6.4 The basic current method constitutes, essentially, an application of
the barotropic model to the five-day mean 500 mb chart, instead of the daily
chart, to obtain future mean circulation patterns. Experiments carried out
in U.8.A. show that the predictions by this method produce rational flow mt-
terns but become out of phase with the observed, after a few days. The
failure is attributed largely to neglect of physical processes involved in the
actual etmosphere such as ocean-continent contrasts, heat sources and sinks,
mountains, etc. Attempts are being made to improve the working of the curremnt

numerical model by incorporating some of these important physical factors.
3. Development of Medium-Range Forecasting in India

3.1 A scheme to study and develop methods of medium-range forecasting in
India was sanctioned by the Government of India as part of the second Five-
Year plan of the India Meteorological Department. In 1957, two units, one
under the Deputy Director General of Observatories (Forecasting) and the other
under the Deputy Director General of Observatories (Climatology and Geophysics)

were set up to pursue the scheme. After the establislment of the Institute of
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3,7 Statistical approach - the contingency techmigue

3.7.1 The basic parameters which appear relevant are «

i) the mean contour height for the preceding non-overlapping pentad,
ii) contour height trend during the preceding non-overlapping pentad i.e. the
height change from the mean height for the pentad to that on the last day of
the pentad and iii) mean contour height on the day preceding the pentad for
which forecast is to be issued. If in addition to 700 mb level, 500 mb level
also is considered, thickness between these two levels may also be considered

as a basic parameter.

35.7.2 To obtain the locations at which one or more of the above marameters
are significantly related to pentad rainfall anomaly during the next 5-day
period, the principle of selection by contrast is used. Two types of compo-
site charts are prepared and contrasted, one for markedly abnormal rain and
the other for markedly subnormel rain. About 10 to 15 pentads with markedly
abnormal rainfall in tihe area under consideration are selected. Gontour
charts, contour tremd charts, contour anomaly charts for pentad just preceding
these pentads of markedly abuormal rain are added and averaged to get compo-
gsite charts for abnormal rainfall. 1In a similar way composite charis for
subnormal rain are prepared. These composite charts are prepared for the
area 60-100°B and equator to 5501\1. Significant predictor parameters are
tentatively selected from this area. The two composite charts for the two
types of contrasting rainfall anomaly reveal the locations where significant
differences exist. Such differences are tested for statistical signifi-ance

by the t-test, the level of significance adopted being Bﬁ level.

5,745 After tentative selection of significant prediction parameters, mirs
of predictor:parameters are graphically correlated with the rainfall anomwaly of
the pentad just following by means of scatter diagrams. The two predictar
mrameters forming a pair should as far as possible be independent . The points
on each of the scatter diagrams may be divided by smooth curves into three
classes O , B and ¥ such that the points in class @ are mostly cases which fall
in class 'abnormal' of the predictand, those in class B , mostly cases falling
in the predictand class 'normal' and those in class7 , mostly falling in the
predictand class !'subnormal'. If there are 5 predictand classes, the scatter
diagrem may be divided by smooth curves into 5 classes. For each of the scatter

diagrams, a 5x % or 5x 5 (as the case may be) contingency table is pre-

pered by obtaining frequency for each of the cells. Once these contingency
been

tables have[prepared, contingency technique, as given by Wahl and White

(1952), Iund and Wahl (1955), is applied to the area in question for evolving

a scheme for forecasting the predictand class for the area.

3.7.4 Contingency technique may be briefly described as follows :

After the contingency tables have been prepared, it should be checked whether
these contain any useful information i.e. information over and above tkat
existing in the climatology of the predictand alone. This is done by compu-
ting Shannon Information Ratio (IC (X)) for predictor pair X, as adapted by

Holloway and Woodbury (1955).

=

1 k
¥ I O;log,0:i— Z S;log, S;
o g 09T 4 SiT0% i

Ic (X) =14+ 1
Nlogg N — jfs Sj loqesj

where Oij is the observed frequency in the cell defined by the 1th row and Jth

column of the contingency table,

85 is the marginal total of the iin Trow,
Sj the marginal total of the ‘jth column,
N is the total frequency,
)4 is the number of rows and{ the number of column$in the
contingency table
3.7.5 Bven when no relationship exists between the predictor pair and the
predictand random influences affecting I, are possible. Hence IE the expected

information ratio on the basis of non-existence of relationship has to be cam-

puted from the formula

4+ (k=1)(1-1)

Ig = i
Nlog, N= X 5 logeSj

=
3.7.6 Holloway and Woodbury (loc. nit.) have shown that confidence limits
for IE can be obtained from the following formula by utilizingxzvalue for
(k - 1) (1 - 1) degree of freedom.

2
X

|

L(IE) i.e. confidence limit for IE = {



The denominator is the furction of the climatology of the predictand. Con-
tingency tables for which IE is significant at b or 1% level of confidence

may be accepted. Out of these, three best tables may be finally selected.

3.7.7 The three selected contingency tables are converted into tables of
normalised contingency ratios. R'ij the normalised contingeney ratio in the

cell defined by " ith row and jth column, is given by the formula

( 0; 1) / k{NEii
o

where Eij is the expected frequency in the cell defined by ith row and jth

column on the basis of no relationship between the predictor pair and the

predictand, and No is the largest N in the three tables.

3.7.8 Let the three 3 x 3 tables of normelised contingency ratios be as

sown below 3

For predictor pair I | PFor predictor pair II For predictor pair IIT
Predi-
ctor Predictand class Predictand class Predictand class
class

N S A N 8 A N )

X (R Ry BY)r|(RYDrr R R'gpr | ® ) (RYydprg (RY Y111
B (Rip)p Ry Ry (R R Rig) g | Ry Rypdppy Rip911r
¥ Ry @Ryp Biyr|(Riydpr Ry (o | (Ryprp (Ridpyy (Rig)rp

3.7.9 The table of normalised contingency ratios gives the probabilities
of the 9 combinations of the predictor and prediciand classes. let us
suppose that in an actual case, predictor class for the first pair is ef that
of the second mair is@ and that for the third mir is? . Then the com-

bined probabilities for the three predictand classes A, N, § are

{(3’11)1 (RpPr7 (RY I)III‘}’{(R"IZ)I (R'zz)I‘L(R'}z)HI}’ {(R"B)I (R'yqr (R'BB)III}

respectively, on the assumption of independence of predictor pairs. The
predictand class corresponding to the largest of these combined probabilities
is forecast. It is inconvenient to multiply three quantities. Hence,

10 + 10g10R'ij where R!ij are normalised contingency ratios, are tabulated,
10 being added to avoid negative logarithms. Quantities from the respective
cells in these tables are added to find out the largesi combined probability.

In practice it is not necessary to refer to the tables if all the three pre.

dictor classes are identical. For example, if the identical predictor class
is® , then the predictand class to be forecast is A. If the assumption of
independence of predictor pairs does not hold, then in the critical case when
all the three predictor classes are different the forecast of the predictand
class is likely to be vitiated, the extent of vitiation depending on the
extent of departure from the assumption of independence. One of the main
advantages of the contingency technique is that it can deal with nonlinear
relationships which are mostly found to exist between meteorological para-

meters.

3.7.10 8o far, contingency techniques have been applied to forecast rain-
fall at Bombay by Jaganmathan and Ramamurthi (1961), Calcutta by Sa joani
(1964), New Delhi by De (1967), Bangalore by Bedi and Kulandaidasan (1967),
in Kerale by Mooley (1967), Konkan by Shukla (1967), coastal Andhra Pradesh
by Shukla et al (1966) and Gomti catchment by Bedi and Kulandaidasan (1967).
Table 1 gives details in respect of these studies including the skill scores
defined by the relation : skill score = (G - B) / (T - B), where C is the
number of correct forecasts, T is the total number of forecasts issued, and
B is the number of forecasts expected to be correct by chance or on
climatologicel basis. Success of the method described depends largely on
the efficiency and the statistical stability of the predictor parameters
used. It is, therefore, necessary to test from time to time the
statistical stability of the selected parameters, to re ject parameters
which have been fourd to be unstable and to select some useful parameters

to replace the rejected mrameters.
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