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Tais is the fiftieth Administration chort of the Ind.la Meteomloglcal Depart-
ment and records the completion of the first half century of systematic observations
on weather in India, by uniform methods. It would have been pleasant to have
been able to call 1925 a Jubilee year, but that would imply not only a 50 years’
course of work, but a prosperous condition of the department at its close, with
adequate staff and resources: it will be safer to call this year the half-centencry, and

regard it as a fitting time to review the progress made, to fake stock of the pr&ent
and consider the fyture.

History.

2.In a country where extremes of climate—temperature, dryness and torrential
rainfall —have always added to the difficulties of life, there must often have been a
natural instinct to set up a collection of private meteorological instruments and take
at least occasional readings.- Even in-the earliest days of British interest in India
this was evidenced, for among the less unsystematic work of this kind theié have
been records by Colonel Pearse in Calcutta, 1785, and by other officers sprinkled
about the country. But the difference is radical between any collection of short
series of unordered observations and the work of a centrally-controlled system on
uniform lines, so that although before 1865 provincial authorities occasionally issued
mstructions to district administrative and medical officers to note temperatures,

rainfall and air pressure, these old observutmns ss actually taken have asince been
found to be of little value,

Bets of instruments were then issued, but without previous comparison with

standards for determinztion of theu' errors, and commonly without mstruct ‘on3
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for the guidance of observers. Little was known in those days of enrert metfids
of exposing thermometers, and the instruments were frequently bung m rowme
of public buildings or placed again't the walls of verandahs, eonvenience for the
observer and security from wnofficial curiosity having been regarded, perhaje, as
the main conditions to be satisfied ; comparatively seldom were the thermometsrs
located in open-sided sheds, where they could indiczte more correctly the tempera-
ture of the open air. Bheristadars, writers, compounders of bospital assistants were
told off to take the observations, and being generally untrained, realised no need for
accuracy or punctuslity. Little sttempt appatently was made to turn the data to
account, or even to ascertain whether they were of any scientific value. They were,
as a rule, forwarded to the Boards of Revenue or Medical Boards in the Presidencies,
where they were allowed to accumulate without examination, and remained practi-
eally inaccessible for the purpoges of acientific enquiry. Durmg the years of the
Bepoy Mutiny (1857 to 1860) the collection of meteorological statistics naturally
ceased over nearly the whole of India, even at those stations in which rainfall ocbeerva-
tions then went back some 10, 20 or 30 jears.

Tn these general circumstances it was nataral that the records should Iater be
regarded with suspicion, and when ultimately they were examined by Me. H. F.
Blanford, this suspicion was found to be well grounded. Many of the records were
at that time in the hands of the Messrs. Von Schlagintweit, who had been sent out
by the English Government in 1861, at the instance of Prince Albert, on a scien-
tific mission t¢ India and High Asia. An application for the return of the registers
was practically declined except on monetary conditions which were held to be un—
reasonable. But so important was it considured to examine the records that even-
tually Blanford, while on furlough in Europe, took the opportunity to visit Mmnich,
went through the 1egisters and obtained copies of parts of them. In the resnlt i+
seemed to him certain that the meteorological obsexvations taken du:ing this earty
period at sadar and other stations in obedience to orders from Revenne or Medical
Boards and any discussions based on them, were of little or no valae from the
scientific point of view, however interesting they might be historically in throwing
more light upon the meteorological conditions accompanying the deoughts and
famines of the years 1837-38, 1853-54 and 1866-67 in India.

3. Fortunately, however, observations of veiy great value were recorded at
a few observatories of the first rank, established, chiefly by the East India Company,
for purely scientific purposes. Thus, the Madras Astronomical Observatory, which
was built and started in 1792, began meteosological observations in 1796, and from
that date to the present time a continuous series of observations is available, thouzh
only a part has been published. The Coluba Observatory, projected about 1321
for astronomical and other purposes, had its building completed in 1826, but did not
begin meteorological work until 1841. The observations were apparently unsatis-
factory ; for the Government of Bombay in 1364 appointed a committee of exjuirs
to determine what improvements were needed and, as & result, obtained new
magnetic and meteorological instruments and appointed a qualified Director to
ensure continuous critical examination and discussion of the data, and frequent
publication of the results. This was followed by the creation of a metenrological
office for the Bombay Government in 1875, and by the printing of a daily westher
report for western India from 1889. The Bombay Observatory, which was till
1898 under the control of the local Government, was placed under the Directar
General of Obgervatories in that year, while both the cbservatory and the meteoro-
logical office were amalgamated under a meteorologist in 1923, The East India
Company also had accurate meteorological observations taken from 1347 to 1855
by a trained ohscrvgr on the summit of Dodabetta, a high peak near Qutacamund.
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The Trivandrum Observatory owed its origin in 1836 to the enlightened interest of
His Highness Rama Vurmah, the then rcigning Raja of Travancore. Meteorolo-
gical observations began there in 1842, were carried on with increased activity from
1852 to 1864 snd, though then threatened with complete stoppage, have in fact
continued with more or less regularity up to the present time. In Cgleutta an
observatory was maintained from 1853 in the compound of the Survey Office build-
ings in Park Street, where observations were recorded until the completion of
Alipore Observatory in 1875.

L

. 4. In 1857, Sir Richard Strachey called the attention of the Asiatic Society of
Bengal to the uselessness of the desultory attempts that had, up to that time, been
made to acquire a knowledge of Indian meteorology, and to the urgent need of a
controlling authority capable of directing and utilising the work of observers in
India. A committes was accordingly appointed with this object, but shortly
afterwards came the outbreak of the Mutiny, when men had little leisure or taste
for scientific pursuits. Further consideration of improvement in scientific work
Temained in abeyance for 5 years, and it was not until 1862 that the Committee drew
up a report to Government, and were asked in reply to formulate a scheme for giving
practical effect to their recommendations.

Various delays supervened, and, meanwhile, Mr. H. F. Blanford who, after 7

Hrxar Fraxcrs BLANFORD: years' service in the Geological Department, bad
&ng;;ﬁr’;e;:w,- becn appointed Professor of Science in the Presi-

dency College, Calcutta, became in 1864 one of
the honorary secretaries of the Asiatic Society and in this connection had his atten-
tion directed to Metcorology. He was partly responsible for the report drawn up
by the Society and laid before Government in the beginning of 1865.

Almost simultaneously Government were presced on other sides to take acticn.
In October 1864 Calcutta was visited by one of the most destriotive eyclones cn
record ; a storm-wave rushed up the Hooghly River and flooded the meighbouring
lowlands; upwards of 80,000 human beings were drowned or dicd of exposure, and
a great part of the shipping in the river was wrecked. This cyelone was followed
within few weeks by another, which passed over Masulipatam, and the storm wave
again cost the lives of about 40,000 perscns. The attention of the mercantile and
shipping eommunity was naturally aroused, and the Bengal Chamter ¢f Commerce
called the attention of Government to the inefficicncy of a system under which no
warning was given to ships of the approach of onc of the most disastrous storms on
record. About the same time the Scoretary of State for India urged upon Govern-
ment the necessity of a systomatic record of meteorological phenomena in order to
furnish data for the investigation of the relations of climate and weather with disease
in India, and the further necessity to collect data of value for sanitary improve-
ments and projects. To the Sanitary Commission, then appointed, was referred
the whole question of meteorological enquiry in India ; and in accordance with its
recornmendations, provincial metcorological systems were established in the Punjab
and North-West Provinces in 1865, Madras in 1866, Bengel in 1867, the Central
Provinces in 1868 and in Bombay in 1871. The Bengal meteorological department
was established with a twofold purpose, to give cyclone warnings for the protection
©of shipping and to collect and regord systomatic meteorological observations through-
out the Presidency. Blanford became the Metcorological Reporter of Bengal,
while still retaining his professorship in the Precidency College. In his admirable
hands the new department at once took a very high position and became known for
the accuracy of its data and the thoroughness of its work, while his annual reports
on the meteorology of Bengal increased in importance from year to year. Blanford
also published. during the eight vears for which he held the nost of Revorter. -



4

sories of original papers in the publications of the Asiatic Soriety of Bengsl and ite
Royal Society of London. In one of the latter papers * The Winds of Northern
India * he was able, by the use of data collected in Bengal, the North-West Provimess
and the Punjab, to recognize the causes of the prevailing air-currents of oorthera
Tndia, and to detect the general relations of the two seasonal monsoons to eash other .
and to the temperature conditions of the country. This paper was particularly
valuable, for not only was it the first attempt to discuss this important questicn
by the ajd of fairly accurate data, but it was also the earliest essay on Indian mete-
orology as a whole ; and the subject was, for the first time, treated aa & problem of

dynamio meteorology. :

5. While the new system was thus being developed with such success in Benzal,
less progress was made elsewhere, and no attempt was made to begzin systercatie
observations in Burma or the native states of India. In fact, the result of the efiorts
of Government during this decade—1865 to 1874—was to cover and deal with only
about one-third of the total area of India, and that by means of 5 entirely indepen-
dent organisations of work. There was no attempt to co-ordinate the separate
systems, nor unity of aim and direction. This parochial system of dealing with the
meteorology of a well-defined meteorological area like the Indian morscom
region, though a valnable innovation on past want of foresight, was self-coademred
from the first. The commission of enguiry into the Orissa ard RBengal
famine in 1866 even wurged that Professor Tyndsll should be invited to come
to India to develop meteorological enquiry. After prolonged corsideration by
the Government of India and the S e-etary of State, it was fipally deter-
mined to reorganise and extend the work of meteorological obeervation, ard
10 engage & Meteorological Reportor to consolidate the organisation for the

H. F. BLANTORD ¢ whole of India. This appointment was offered
Imperinl Reporter, to- Blanford, and his preparatory report ard
1875-89. scheme, in July 1875, form virtualiy the founds-

tion of the present system of meteorological work in India. Tke chief otject of
his proposals was the systematic study of the climate and weather of India ss &
whole, and the application of the knowledge thus ecquired to the isste of storm and
other warnings and daily weather forecasts ; and subsequent history : hows how fully
these aims were kept in view and how well they were achieved. The whole of the
proposals were approved and sanctioned by Government : and the evolution of the
new organisation from those of provincial departments took place smoothly and
without hiatus in the work of observation as - previously estatlished. While local
meteorological reporters were retained in Bengal, the North-West Provirces. the
Punjab and Madras, and 8 further reporter was appointed for Bombay and
Rajputana, each was now subordinate to the Imperial Reporter. The chief
improvements lay in the adoption of uniform methods of observation, the
colleotion and discussion of all data at a centralr headquarters and the
establishment of a central observatory at Calcutta, which made possible the
comparison with standards of every instrument used by the department. Tke
number of observatories was increased immediately from 77 to 94, special aiten-
tion being paid to filling as far as possible the larger gaps in the net-work of the
observing stations over the land area. A preliminary essay in the preparatica
of daily weather reports was made in 1877, when the Meteorvlogical Utfice in
Calcutta began to collect reports daily by post from all observatories, and to charg
all barometric, wind, temperature and rainfall data on daily charts. A stodv of
these soon threw considerable light on the sequence of day-to-day changes in
the weather situation, and also proved of high value in enabling the reporter to
exercise a close ard strict supervision over the daily work of each observer. But
as ten days or & fortnight necessarily elapsed before the informati~n was broc tht
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together, the system still lacked the power to give ocurrent information to the
public or to serve for daily forecast purposes. As a conscious step towards the trans-
mission of weather reports, daily by telegraph the new departure was important,
and a further stage was soon reached, After tho droughts and famines of 1876 and
1877, Government's anxiety for the earliest possible information about the progress
-of the monsoon of 1878 led, in June of that year, to the institution of the Indian Daily
‘Weather Report for which the 10 A, M. observations, 51 in all, were gathered by
telegraph. The printed report was circulated to Government officials in Simla
each following morning. This service, as originally sanctioned, was to torminate
at the end of the rainy season, but it was found to be of such value that it received
various temporary extensions, until in 1881 its permanent establishment was sanc-
tioned in an improved and still more useful form. The improvements were intend-
ed partly to give effect to the recommendations of the Madras Famine Commission
of 1881, which also prompted various fresh activities, among them the institution of
the daily weather telegraphic summary, still circulated from Simla each day through-
out the country; the collection at Calcutta and Bombay of current information
on weather in the Indian seas as gathered from ships’ logs, and the working out of
a valuable series of observations collected by the English Meteorological Office
from vessels sailing in Indian Seas and made over to the Indian Meteorological De-
partment for discussion. These additional duties necessitated further staff, and a
new officer, Mr. Dallas, was recruited from London mainly to reduce and discuss
the marine observations, which were later embodied in monthly weather charts
of the Bay of Bengal and of the Arabian Sea for the benefit of shipping. A few
years later the first Indian officer of the department was appointed and trained to
prepare the daily weather reports.

6. Meanwhile improvements were also being effected in the work of the pro-
vincial offices, A storm signal service was established for the Bombay coast in
1880 ; extensions were made in the Calcutta storm-sigmal service in 1881 : and
from 1883 two Daily Weather Reports, one for the Bay of Bengal and the other for
the Presidency, were published regularly by the Bengal Reporter. ’

A fresh duty of practical value devolved upon the central office in 1885. This
resulted from the destructive floods in the lower valleys of the Nerbudda and Tapti
rivers in July of the previous year, of which the district officers received no warn-
ing in the absence of any organization to that end. The floods in these rivers,
it may be noted, are usually the result of excessive rainfall accompanying the pas-
sage of cyclonic depressions in their westerly course from the Bay of Bengal. It
is almost always possible to send ample premonitary advice of their approach,
while immediate notice of actual heavy rain in the catchment areas also serves later
as a warning for floods in the lower reaches of the rivers. Telegraphic warnings
of probable and actual heavy rainfall to the district officers and political officers
of Surat, Baroda, etc., were therefore arranged for in that year, and have continued
ever since.

At this stage also, the first of the long and continous series of Indian Monsoon
forecasts was issued and published in the Gazelfe of India. Previously, tentative
forecasts had been made by Wilson in 1874, by Eliot in June 1878 and by Blanford
in 1852t01884. 1In 1885 the indications on which Blanford’s forecast was based were
more pronounced than in either of the preceding years, and the prediction which
they seemed to justify, that the influx of the monsoon rains on the west coast and
in southern and western India, generally, would be considerably retarded, was so
fully borpe out by the subsequent history of the season that confidence in the general
validity of the method was much strengthened. The basis of the forecast was the
coneection which Blenford has discovered between enowfall on the Himalayas
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and the incidence of the monsoon, a com!ectinn of arnn‘wuznt interest to fram t_?-g
subject of a valuable paper by Blanford in the Froceedings of the Royal Soriery

of London,

7. Blanford'a most important work at this time was undoabtedly the series of
anpual reports on the meteorclogy of India (from 1876 to 1885_), but he wag alo
contributing many scientific papers to the departmental memeirs and other pub-
lications. The subjects of thess papers show how largely his mind was ou_:qpv,d
with the regular diurnal and annual meteorological changa in India. He eonsidiered
that a full knowledge of these matters was of primary importance at that stace of
development, and would throw valuable light on some of the mnst mportans
features of Indian weather. He had at an earlier date written and published the
“ Indian Meteorologist’s Vade Mecum ”, which was particularly intended to -
form Indian observers what and how they were to observe. In order, however, to
arouse an intelligent interest in their work, Blanford added, in Part LI of that book,
8 most readable account of all the chief features of Indian meteorology so far as
they were then known, with explanations based on the ideas of recent advances im
physical science. The" Vade Mecum™ was, indeed, practically the first treatise
to place the ideas of the modern school of dynamical meteorology in an easity se-
ceasible form before ordinary readers. It was for many years the best book om
modern meteorology, and was the forerunner of the numerous treatises on the
science which have been published in the United States, Germany, and Enzland.
Blanford’s last and most important work of investigation was the monograph on
“ The rainfall of India ”’, published in the Memoirs of the India Meteor:logical Depart-
ment. It was the outcome of years of labour spent in obtaining all the available
data, and sifting out the doubtful from the trustworthy. The result of this investi-
gation was to secure an accurate knowledge of all the broader features of the dis-
tribution of rainfall in India, and of the chief factors determining the law of that
distribution.

Blanford left India on long leave in 1887 and retired on pension in 1839 ; but
despite failing health, he continned, until his death in 1893, to devote himself with
unwearied zeal to the discussion of problems in this his favourite sabject. He
presented, shortly before his death the chief results of his own and his co-workers’
invest gations to the English-reading public, in his very interesting book * Climates
and weather of India’. European meteorologists recognised almost from the first
the great value of Blanford's papers and the hizgh level of his seientific work : and hic
name will always be associated with the beginnings and development of scientific
meteorology in India, while the rapid rise of the department wnder him furnishes
eloquent testimony to his sound judgment, zeal and untiring energy.

8. John Eliot, who had been Blanfard's successor.in the professorship of
Science in Calcutta and in the post of Metearo-

Joux ELror: . .
: logical Reporter to the Government of Beagzal,
I 1 Roporter,
P sko. 1000, - now succeeded also to the Imperial post. He had

already acted in the appointment on one or two
occasions, and had been largely responsible for extensions in the Bengal metearo-
logical system. His investigations into cyclones in the Bay of Bengal were
well-known. In one of the earliest of these, a “ Report on the Vizagapatam and
Backergunj Cyclones of October 1876 ™, in which latter cyclone about two hundred
thousa;md people were drowned in a single half hour by a huge storm wave
sweeping over the Island of Sandip, Eliot largely developed and extended the theory
of the formation of cyclones. The publication excited unusual attention both
in Indiatand England ; so much so, indeed, that a request was made in the House
of Commons for the report to be produced and laid on the table, In connection,
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also with his study of cyclones, Eliot had started the systematic collection in India
of weather observations made by ships in the Indian Seas,

The pioneer stages in the development of the department on an imperial basis
were by that time complete and Eliot was able to make rapid progress in consoli-
dating the position and applying to practical ends the knowledge already gained.
One of the first changes was the adoption of 8 A. m. in place of 10 4. m. as the hour-
for observations to be sent by telegram to Simla, Caleutta and Bombay, and by
this change the publication of all daily weather reports was correspondingly ac-
celerated. He discontinued in 1889 the 10 and 16 hrs. observations at 88
stations where careless work or imperfeet instruments had been vitiating previous
records ; and thereafter these fuller records were maintained at only 69 stations
where examination indicated the returns to be accurate and to form a reliable basis
Jor scientific discussion in the annuval report,

Important improvements were now effected in the methods of rainfall regis-
tration. Before 1887 the records of only 497 rainfall stations were received by the -
Imperial Government, while those maintained for Provincial Governments, totalled
1,390. Further, the measurements at these stations had been started provin-
cidly under the revenue authorities, and had never been systematised for Indis
as a whole ; so that there resulted a lack of uniformity in the hours and methods
of observation as well as in the publication of results. A striking instance_of the.
difficulty and inconvenience of dealing with uusystzmatised observations had cropped
up earlier in connection with a question about the influence of forests upon rain-
fall. The rainfall statistics of the Central Provinces for the previous 20 years, if
they could have been accepted as true, would have established most conclusively:
that the extension of forests had been accompanied by a marked inerease in the
average rainfall of the forest districts, But when Blanford made further enguiry
irto the value of these rainfall returns, the Chief Commissioner for the Central
I'rovinces had to ackrowledge that uncertainties ‘about the gauges used in past
years, and inaccuracies in registration, made the records quite unreliable.
Unsystomatio registraticn thus postpcred a @ecisicn akcut the influence of

forcsts on rainfall until, some £0 years later, the question was again tackled
with records of undaubted value. )

A uniform system of registration, inspcetion and publication was now introduced
threughout India ; all gatges had to be of standard pattern and were tested by the
Mcteorclogical Department beforeissue. Further, uniformity in method of publica-
tion by provincial Governments cnabled the Metcorolc gical Department to colect
the rainfall data for the whole of India in annual volumes which have becn of gresat -
scrvice to irrigation and cther engirccre and saritary officers, es well &5 to metco-
rologists throughout the world.

9. Up tq this time no effort had been made to secure the co-operation of the
larger Native States in meteorological work. Eliot visited Hyderabad in 1890 for
that purpose and his suggestions received a ready response from His Exalted Highners
the Nizam’s Government, which cstablished seven observatories within-a year. The
Mysore State also arranged about the same time to establish a Iocal battery of stations.
A firstclass observatory, supplied with photographic self-registering instruments,
was established at Bangalore, and smaller observatories at three other stations.
A few years later the Kashmir Durbar cordially agreed to the establishment of four
observatories, in addition to that at Srinagar, and these have furnished most valu-
able observations for an area where meteorology presents many unique features.
The net-work of reporting stations was also extended in Upper Burma and into
Persia. The Persian observatories were founded in the expectation, since completely



substantiated, that they would throw light upon the origin and march of the erid-
weather depressions which bring winter rainfall to northern India sod snowiall
to the Himalayns.

Tho issuo of a daily. weather report in Bombay, the need of which bad for kg
been pressed by the commereial public there and was prominently suzgested dreg
the enquiry into the loss of the Shepherds’ steamer Vailarna, was tpade feasible in
1889 by considerable annual contributions from the Chamber of Commerr= and tke
Port Trust to cover part of the actual increased expenditure for staff. Four years
later the unsatisfactory scasons and partial failares of the crops of 192 acd 1253 m
the Madras Presidency quickened the interest of the Madras authorities and pabhe
in the subject of daily weather reports, and both the Government and the press
expressed dissatisfaction with the meagre published statement on rainfall and weatker
in Madras, which was all that could be incorporated in the daily telegraphic summ aries
issued from Simla. The result was the institution from October 1893 of & Madras
daily weather report, similar to those of Calcutta and Bombey.

Another series of published daily weather charts began in this year and was
continued till 1899. In these was embodied information from the whele Indian
Monsoon area, including land observations from India, Burmsa, Persia, Arabia, and
several islands such as the Seychelles, with ships’ observations for all parts of tke
Indian Occan to the north of latitude 12° 8. While found to be of considerable
use to shipping firms and mariners, these charts were intended mainly for the
study by metcorologists of the relations between the weather of India and that of
the adjacent scas, and they bave furnished important information regarding the
advance of the great monsoon enrrents from the equatorial belt to their poal in north
India, as well as of the « on litions at sca which are followed by ** breaks ” in the rains
inland. Though publi at on ceascd in 1899, the charts thcmselves were cont'nue
till 1504 for the intornal usc of the department. -

Various improvements were made at different times in the storm signal systems

{one in 1888 on the recommendation of the Court of Enquiry on the loss of the
8. 8. Sir John Lawrence), and ultimately in 1898 a single uniform system of signals
was adopted at all the major Indian ports; from this system, which was rather soo
extensive and complicated for small ports and fishing towns, a sct of three siznals
{modificd since into the prescnt * brief system *’) was chosen, as adequate for these
smaller ports necdimg warnirgs only of storms likely to afiect them directly. The
officiency of the storm-warning service was incrcased in 1896 by more rapid trans-
mission of all telegraphic weather mossages, special priority being then ascordcd to
- * storm ”’ messages.

~

A large extension of the flood warning system was called for as a result of &
remarkable series of floods during the southwest mbnsoon of 1859. Tke Public
Works Departmont issued a circular to all its officers, as a result of which there was
received a large number of applications for information of heavy rainfall and wamn-
ings of floads, chiefly in upper India.” The flood warning system has continued
further to expand until there are now some 200 officers, or more, on tke waming lists.

Seismological observations by Milne instruments were begun at the major
observatories in 1898 at the request of the Earthquake Committee of the British
Association,

- Eliot was greatly interested in the subject of salar physics and was instrumental
in starting the Solar Physios Ovservatory at Kodaikanal, which in rccent vears,

under the able directorship of Mr. Evershed, has contributed so larqu!y to our
knowledge of the ‘ meteorology * of the sun,
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10. On the purely soientfic side also Eliot was an indefatigahle worker and
contributed largely to the furtherance of the sc'ence of weather. During his con-
wnection with the Department he wrote no less than 50 original papers on various
meteorological subjects His early rescarches, as mentioned above, were largely
voncerned with extending our knowledge of the origin and progress of cyclones in
the Bay of Bengal. The results of these investigations were embodied in a handbook
which dealt in & comprehensive manner with the various features of these storms.
The book was greatly read by mariners, went through two editions and has in all
probability been the mean of saving many vessels—possibly from destruction artl
certainly from damage— by enabling their navigatoss to avoid the more dangerot s
ports of these cyclones. Of his later papers, possibly those on (a) the cold-weathve
storms of northern India, (b) oscillatory changes of long period and of short period
in lndia, and (¢) the hourly observations recoided at 29 stations, were the most
important. The first of these discussed in an exhaustive manner the vurying
characteristics of the cold-weather storme and associated phenomena, and was de-
scribed in “ Nature " as “a model of scientific investigation”. An intercsting result
of this research was the outline of & method, and the beginning of the practice, of
forecasting the winter rains. The connoction then found between the winter raina”
and certain previous baremetric measurements (technically known as the vertical
pressure anomalies) bad been found, by an examination of available data, to hold
good in four vears out of five ; but this relationship has not been confirmed by later
experience. The second memoir indicated and discussed some possible methods
of seasonal forecasting, while the third investigated the relations of the diurnal
variations of the air pressure with tiose of other meteorological elements, and showed
how far seasonsal and local geographical conditions modify the amplitudes and periods
of the diurnal oscillation, .

11. Eliot’s strenuous eflorts to increase, as far ns possible, the efficiency and
usefulness of the department had thus met with considersble success, and had
brought it into line with the best of meteorological organisations in other countries.
He retired fror: service at the end of 1903 and was gazetted K.C.LE. in that year.

After his retirement he was able to see through the press his last publication
and the most valuable of all his works, “ The Climatological Atlas of India,” which
a Euwsopean review described as ““ a unique storehouse of the climatology of a great
unit of tropical land, & magnificent acquisition, a very mine of meteorological
relationships, for which we cannot be too grateful to the enlightenment of the Indian
Government and the patient labour of Sir John Eliot and his assistants.” Unhappily
Sir Jobr Elliot’s death in 1008 prevented the completion of the * Handbook of
Indian Meteorology ™ which he had planned as s companion volume to the Atlas.

12, Gilbert Thomas Walker, Fellow and mathematical lecturer of Trinity
Gupear Tuomas  Warkre, College, Cambridge, and Senior Wrangler in the
D"‘"W"G"“";‘;O‘f_ol';‘;“w““' Mathematical Tripos of 1888, succeeded Sir Johm
)  Eliot on the 1st January 1904 a8 head of the depart-
ment. In England Sir Gilbert's original work had been almost entirely in tiwo
ficlds, dynamics and electro-magnetism. His papers on The Molion of Elongated
Projectiles (Proc. Roy. Artill. Inst. 1892), on Dynamical Tops {Quart. Jouin.
Math. 1896) and his paper On Boomerangs (Phil. Trans,, Royal Society), bud
given him the reputation of an suthority on this branch of dynamics, and led to his
being invited to write the article “ Spiel und Sport ” for the great Encyklopidie
der Math. Wissenschaften. His elecirical papers began with a substantial
memoir Repulsion and Rotation produced by Allernating Elgclric Currents occupying
50 pages of the Phil. Trans., Royal Society, for 1892, Tu 1900 he was award
the Adams Prize by the University of Cambtidge for en essay on Aberraiion and sem
MIB8DGu{Ob :
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other problems connecled 1toith the electromagnetic filld, which was published ktsr m
buok form ; this was feilowed by a paper in the Camb. Phil., Trons. of 1a1) Some
Problems in Flectrie Convection and one on The Optical propeities of thin metal plars
in the Annalen der Phyeik for 1903.
- Bhortly after 8ir Gilbert assumed charge of the department, the Berretary of
State decided that the scientific activities should be widened and the stafi increased.
_In place of one meteorologist at Simla and a second at Calcutta there were, from
the beginning of 1905, three such officers at S8imla. With this mcreased steff 3 mor=
careful and critical examination of all telegraphic obeervations became possibie,
snd soon led to considerable improvements both in the aceuracy of the work of the
ordinary observers and in the condition of the observatories. While the prodoetin
of the Indian Daily Weather Report was thus accelerated, the telegraphie summary
was made the chief mode of publication ; it is now issued at noon as an urgent press
message, to be posted up at telegraph offices in all the large towns of Ind:a, and =
delivered as s telegram to subeeribers of Ra, 10 monthly, now nambering sorce %0
or more in the monsoon season.

Changes were made in the routine work connected with the study of marine
meteorology. It had been the practice to issue each month pilot charts of tLe Ludizn
Seas, showing the mean pressure, wind and surface ocean currents as fat beyond
the equator as 12° 8., and about 160 copies were commonly sold at 4 snnas each_
It was now decided to Lind thege monthly charts once for all in atlas form, witke
cdditional charis illustrating historical storm tracks in the several months, 2ad
rome selected actual storms in detail; and Messrs. Bartholomew of Edinburch
undertook produciion. On publicationin 198 the atlas appeared to be gresily
apprecinted by the shipping community.

It has previously been menttoned that routine charts of the whole monsoon arear
. land and sea down to 12°, were drawn up daily from 1893 to 1904 by using observa~
tions extracted from logs of ocean-going ships.  In the latter year it was felt that
an attempt should be made to extend the area down, if possible, to the Kerguelen
Islar.ds, or in aLy case to include the far southern high pressure region where monsoon
winds might originate. The meteorological cifices in London, Hamburg and Mauoriti-
us were alrcady collecting logs from many ships sailing through those regions, and
errargeicents were accordingly made for copies of the logs to be sent to India. To
make vse of this material, it was necessary to try weekly means instead of daily

okservitions, as parts of the regions dealt with were but sparsely crossed by ships :
this practice continucd with poor results till 1906 when improvement was sought
by acopting monthly means. An essential feature of the charts was to be the pressure
distiibution, and it is well known that ships’ readings of the barometer tend to be
bad unless a close touch with ships’ officérs can be maintained, and interest in acca—
1acy irduced. Such ‘ touch ’ was necessarily absent with the weakness of meteorvio-
gicel staff ; and in the result this work, with all its potential usefalpess in seasonak
_forecasting, had to be relinquished. -

13. At about this time there was a rapid growth in the departmental corres-
pondence. Requests for information of a general or statistical character began to
come in from cfficers interested in the relation of weather and disease, weather
snd agriculture, and such other practical matters, as well as from firms wishing to
start foctorics under special conditions ; while enquiries sbout meteorological subjects,
Looks, instrt ments and methods of observation became very numercus. The work:
involved in rrewering such questions is sometimes very considerable,

As a result of tlie great Dharamsala earthquake, the seismographs which had
Feen put up at v.ajor observatories in 1898 were supplemented in 1905 in Simls by
en Cron-Ewirg iestivment loared by Professor Oreori ; and subsequently others
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of this type werc obtained and sot up in Colaba, Calcutta and Simla. Schedules of all
instrumental measurements have since then been supplied regularly to the Seismologi-
cal Committee of the British Association, and a systematic collection of notes on
enrthquakes, as felt by observers in India, has been made for the Geological Survey of
India.

Original investigations were now begun on various new problems, and many of
them were dealt with by Sir Gilbert himself. An account of these i is given below as
a review of his contributions to meteorological knowledge.

Research work was undertaken on the experimental side of meteorology. A
small laboratory and workshop had been provided in Simla, and two mechanies were
regularly employed. Dr. Simpson investigated the electric potential gradient in
Bimla and carried on systematic cbservations on the electricity of rainfall, which led to
valuable results. For he found the long-sought cause of thunderstorm formation;
and showed that it lay in the breaking up of drops of rain carried upwards by air
currents, and the consequent formation of a strong positive charge on the rain,
with a negative charge in the air. His memoir on this subject (Indian-Meterological
Memoirs, Vel. XX, part 8) is now regarded the world over as a classic.

14. A beginning was now made on meteorological measurements in the upper
air. As early as 1877, H. F. Blanford had clearly recognised the need of enlarging
tke scope of measurement by freely employing small observation balloons, and had
published his view that with such means in India, a few years would suffice to placo
our knowledge of meteorological laws on a very advanced footing. ¥or this work he
considered India to be the one country in the world most suitable ; the northern
boundary of the high Himalayas, and the southern boundary of flat and unvarying
barometric pressure in the equatorial zone forming almost impassable meteorologlcal
limits to the immense range of 30° of latitude under a nearly vertical sun.

Later, his successor, Sir John Eliot expressed similar views on the necessity
to undertake such work, and-indeed was instrumental at his retirement in making
provision for this object. A very strong advocate was C. Little, the official meteoro-
logist in Bengal, who in a series of papers in the Journal of the Asiatic Society of~
Bengal, 1903-04, insisted with the greatest vigour on the immediate need to work

with balloons, and elaborated his reasoning for attributing the want of departmental _
success in seasonal forecaste to the pmcﬁcal neglect of what Blanford had laid down
20 years earlier as a stie qua non. Little himself had sent up some small balloons in
Calcutta, and had st once found them hely ful in verifying points on air cxrculatxon in
Bengal, to account for weather variations. -

In 1905, then, such work was definitely begun, though as yet without any alloca-
tion of funds for systematicstudy. A kite-wire winding machine and kites of various
shapes were made, and first tested in action during Avgust and September 1905 at
Karachi. Their purpose was to lift recording meteorographs, light instruments
which registered on a diagram the varying pressure, temperature and humidity of all
the air layers they passed through. They were either fixed within the kite itself, ox
made to run up and down the kite wire during the flight. The kites were used
again the following year at Belgaum during May and August, when information
was obteined of the air conditions in the Peninsula previous to and during the
monscon, from the ground level up to a height of 11,000 feet above the sea. Similar.
observations were made at Belgaum in the monsoon of 1907, and from & slnp in the
Bay of Bengal and the Arabian Sea in August and September 1907.

Another type of h,,ht recording instrument for attachment to free balloons was
copied by Indian mechanics, with minor changes, from the excellent model developed
in Epgland by Mr. W. H. Dines. The class of recorder W}llCh had been used ti'}
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then in Europe was a comparatively heavy snd very expensive metromer’, on-
suitable for use in India where a large proportion of total lowes waa experred ; t:»
light Dines’ model was then the only ene that could Le made at a eret to risi* tnin
country. Ina first trial of these in September and Octaber 1908, in Jhing { Ponjat.;.
11 were recovered ont of 17 relessed. All but one eontaised good termrds, tie
greatest height reached beirg 635,000 feet ahove sea level ; and there were in thuee
cases thought to be signs, perhaps a little douht ul, that the stranze upyer rezion £
constant temperature, found first in Europe and now looked for in ir.dia, waa penetrat-
ed three times. In the following vear, 17 halloons with instruments were [iterated
at Jhang during the monsoon menths, Jape and July, and 7 m December; of the fr=t
set more than half were recovered, but only one of those m December. The heizhts
reached during the monsoon ranged wp to 12 miles, with & lowest temmperatare of
about —107°F. and the descents occurred at abort distances from Jharg, m several
cases within 10 miles of the sterting point. The bal.oobs in December all travellod
eaatward, and their horizontal velocities indicated very strong winds s few miles
above the gound snrface. The one mstrumemt recovered had only reached the
6 mile level, with a lowest temperature of —35°F., but it came down as far away as
Lahore. With the knowledge whi- h we now possess of the strong upper-air winds
the cold weather, we may be certain that the remaining mstruments were earried
into the Himaluyas or Tibet, and that, but for z:ome defect in the bailloon which tonch-
ed ground in Lahore, no one of the seven instruments would have been heard of
again,

A feature of the ascents in the monsoon was the liberatinn on two secasions of &
pair of instruments together on the same ballcon, in erder to contrast tiie records
of an aasociated couple and ascertain to how great aa extent the traces coald La
relied upon to represent actual conditions, This guestion had assumed snoe -
portance in consequence of doubts which had been expressed by scientists at hon.e as
to the capabilities of instruments constructed so lightly as these muast necessarily te.
One pair was recovered, and the two independent records were fonnd to agree as weil
as could reasonably be expected,

15. All these were preliminary essays in upper-air work, the funds available
having been inadequate for any serious tackling of the pmblemsin view. Butin 15137,
on the insistence of the Seeretary of State, to whom the Roval Sociesy had sent &
protest on the department’s lack of means, a real, if small, ajlormen: was defritelv
made, and very, rapidly used to build and start Agra Upper-air Observatory. and
begin work there and at several outstaticns, with observation and instrvmens-
carrying ballocns. Electrical plant wag put down for the makizz of hydrogen. and
its compression 1nto cylinders for transport about country, and has been kept working
continuously since. The greater part of the observational work has been on free
pilot balloons, of 2’ or 3’ diameter, watched by measuring theodolites, and a very
great deal of useful information has by now been gathered as to the prevailing
currents at all heights up to 30,000", and in all seasons, over the northern half of
India and at ore station, Bangalore, in S. India by the valued assistance of the
Government of Mysore. Some thousands of these simple ohservation balloons
have been made and sent up, and this work has already gone a long way towards
establishing definite normals of wind data, and showing reasons, not observable as
ground levels, for the character of coming winter rains, of breaks in the monsoon
roins, and even (theugh at present to a less extent) of the character of a coming
southwest monscon. The daily results up to 20,000" are telegraphed to Simla from
T selected stations, and much used in daily weather forecasting. The memeirs that
have been published on this work (I. M. M., Vol. 20, parts 1, 2, 7; Vol. 2, parts 4,
6; Vol. 23, part 3; Vol. 24, parts 5, 6, 7, 8) will give an idea of how earnestiy the
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gmall facﬂitics available have been used, and how fruitful have been ‘the immediate

results. A critical review in * Nature ” (Sept. 1924) of the later ones of this series of
memeirs ended with the remark :—

“ Dr. Harwood finds a very noticenble coincidence between the track of
storms and depressions, as shown in the Climatological Atlas of Indis
and in the Meteorological Atlas of the Indian Seas, and the monthly
mean directions of the upper winds at the cirrus level. If this be more
than a coincidence, and it seems to be so, 1t has an important bearing
on the formation and propagation of cyclones, and shows that their
source must be sought for in the upper winds rather than in the surface
conditions.

=
The four Memoirs form a very valuable contribution, not to Indian meteoro-
logy only, but also to meteorology in general.”

It will be seen that a new point is recognised as possibly emerging from this apper-air
work, that of the cause and amount of a cyclone’s recurving in its destructive course
at sea.

A second review of these papers by the American Meteorological Society, in
December 1524, draws public attention to the very remarkable results found for
temperature distribution in the upper air of the monsoon : in any future method of
forecasting the rainfall amount and distribution during the course of & monsoon, it is
frirly certain that the essential mepsurements will be temperature and humidity
distiibution upwards to some 4 miles height. These measures are so far only being

taken systematically at Agra: it remains to extend them to several other stations in
India.

16. Reverting now to the period 1905 to 1909, it has been shown that the
appointment of new scientific staff was productive of much new knowledge of
importance, and that the work of those years set a standard for India in fields of
new activities. But unfortunately the maintenance of these promising beginnings
was therealter handicapped for one reason or another, and has continued so right
up to the present time. The departure of Dr. Simpson on Scott’s South Polar
E:zpedition in 1910 and the subsequent resignation of Mr. Patterson, followed by
il'ness among the remaining oflicers, led in a period when routine work was with
dificulty kept up to date and research work became impossible. Pressure from the
financial side then threatened to make the temporary shortness of staff & perma-
nency, and necessitated the cutting down of the routine work to the very lowest
limits ccnsistent with efficieney in the principal objects of immediate utility. Ob-
servatori,s were reduced, or abolished wherever possible, and only a barely sufficient
network of stations maintained over the country to provide information of the major
changes in the weather situation from day to day. The more purely scientific work
suffered grievously, and all attempts at improving methods of forecasting and
storm warning, or gaining move insight into Indian weather were temporarily
abandoned. It seemed, in fact, that any scientific enquiries with the object of
improving practical methods would be rendered impossible, and that the work of
the department would be confined to the mere supervision and publication of
metecrological statistics. Happily, this disaster was averted, and at the over-
ruling instance of the Secretary of State sanction was given in 1912 fora return
to the original number of officers’ posts and at the same time the systematic
scheme of enquiry into the metecrology of the uppec-air, which has been briefly
described above, was considered and sanctioned. A dole of three lakhs was
granted to cover 10 years’ work under the chmige of two officers whose services were
to be devoted entircly to this purpose. The scheme was to be put into operution

13
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in the financial yea: 1913-14, when the two officers, trznsferred their headrmartore to
Agra and began work in the new uppe.-air observatory there. By the beymning
of 1914, therefore, the outlook for the department was again, perbapa. showing sn.e
glimmerings of hope. But, no sooner had the stafl settled down to the npew czima
than the Great War called for officers, and the years 1916 to 1919 formed a pervd
in which part of the routine work, .., the preparation of Yonthly Weather Zevirws
and Annual Summaries, as weli as the examination and compilation of npper amw
results, had to be allowed to fall into arrears. Practically the unly attsmupt at scien-
tific work, at this time was the engagement of part of the clerical staff on 8 programme
of computation, which 8ir Gilbert Walker was later able to utilise in 3 eris of
important papers, to be referred to later. In 1920. when some recovery from the
effects of the war was hoped for, the depariment suffered a sencus doulls hsa im tie
decth of Rai Bahadur Hem Raj, who possessed 3 unique knowledyge of Indian weazaer,
and in the resignation of Dr. Simpson, whe had been appomted Diectir of the B
tish Meteorological Office under the Air Ministry. In the following year, two mave
officers resigned, namely, Dr. Harwood, who was offered and sccepted a post unier
the English Meteorological Office, and Mr. Chinmayznandam, who reverted to the
Accounts Department. Both of these resignations resnited from dissztisfaction
with inadequate pay and prospects. In a scientific department the eficiency of
which is so completely dependent on the mainte-ance of trzined staf, these luses
were serious and disheertening, and it was with the greatest difficuity at times thas
the skeleton r.utins work of the department could be carried on.

17. Hitherto all the gazetted officers of the department had been recruited cn
persons] rates of pay ; there was a0 cedre of officers on a uniiorm pay scale as iz otker
services, This was now remedied by the institutioa of a Meteorolozical Service,
Government at the same time decidiog that it should be Indianised as far as possible;
and suitable Indizn officers were appoiated in 1922 to the four existing vacancies
All difficultics were not yet over, however. Financial stringency was by pow die-
tating a policy of retrenchment on all departments of Government and, despite the
already restricter activities of the meteorological department, and withozt regard
to the fact that for several years complete collapse had barely been escaped. the de-
partment also was instructed to fall into line. Although the main items of experds-
ture, telegraphic costs and pay of establishment, had been burdened by a doubiirg
of the telegraphie rates and cstablishment costa since 1914 yet the cepartmental
budget, which stood at 5 lakhs in that earlier v ar was limited, to 6-2 lakhs m
1923-24. One of the gazetted officers’ posts at Kedaikanal was abolished. a proceed-
ing which has imposed on the output of research work from that observziory a res-
triction which is quite out of proportion to the savines effected. It was possible
also to make a few retrenchments in establishment, and by drzstic reductions in the
free distribution lists of the various weather reports ; but the main curtailment of
expenditure had to be effected in telegraphic charges. In consequence the perivds
of isaue of the Calcutta, Bombay and Madras reports were shortened to 104, 6 and 9
months respectively, and the number of stations reporting daily to Calcutta snd
Madras was greatly curtailed. Vigorous protests against many of these measures
haye been made' by the Press, and by various associations such as the Chambers of
Commerce of Bengal, Bombay; Madras and Narayarnganj, the Associated Chamters
of Commerce for India and the Association of Marine Insurance Agents. The Com~
mittee of Inquiry on the loss of the 8. S.  Okara ” also criticised the new retrench-
ment arrengements in so far as they involved the issue of storm warnings far the
Bay from Simla instead of from Calcutta. One by one, most of these retrenchments
have been found to have been mistakes, and there is now no question that the blird
spplication of general instructions to reduce expendituie, to a department which
bas always lived at the lower limit of cutlay, was a very ill-adviscd step.
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During sll this period, 1909 to 1923, comparatively little changé' except redue-
tion, had taken place in the routine work of the department, and the main new
activity lay in rcsearch work atthe Agra upper-air observatory as outlined above.
But one other matter deserves notice. In the yeas 1913 to 1915, the storm wamning
service for poits and ships at sea had been thoroughly discussed, and a new uniform
and simplified code of signals applicable to sll Indian and Burman ports had been
int.oduced. At the same time regula: transmission of weather bulletins by wireless
to ships at sea was arranged for, and a start was made in the early part of 1914 with
the receipt from ships at sea of coded weather messages in the hope that the accuracy
of our warnings in the case of storms far out at sea would be improved. This was
another line of activities necessarily stopped by the War, but the scheme was taken
up again in 1920 and, although the response from ships has not been as frequent as
the department would wisk, it is steadily increasing and thore is every likelihood of
& really activé co-operation in the near future between the department and the ship-
ping cormmunity, which will result in a very efficient warning service. h

18. A review of Sir Gilbert Walker’s contributions to metecrological knowledge
will form a fitting finish to this fifty years’ history ; and in view of his recent retire-
ment Lis work may be dealt with mcr. fully than that of his predecessors.

At the request of Government he prepared & report in January 1908 dealing,
on purely meteorological evidence, with the question of supposed changes of cli-
mate in India. The comparative weakness of the monsoons in northwest India after
1654 had from time to time given rise to conjectures that the climate in that region
had eltered permanently, and various hypotheses ruch as increase of irrigation or
diminrtion of forests had been put forward to account for the change. An analysis
of the evidence led Sir Gilbert to the conclusion that the spell of deficient monsoon
mairfall in central and northwestern Indio ought to be atiributed to something ab-
nornal in the larger r ovements of the atmosphere and not to human ageney in India ;
the deficiency had not lasted long cnough to justify & verdict of permanent change of
climate ; and there were msrked indications of an impending return to good scasons,
The years since 1908 have fully supported these conclusions.

Arother interesting report was presented to Government in 1910 on the ques-
tion of the liebility to drought in Indis as compared with other countries.

19. But the main problem which faced him was that which had faced his prede-
cessors—the problem of forecasting the monsoon rain all. He soon noted that the gra-
phical metheds which had hitherto been employed for estimating the relationship
between monsoon rain’sll and other factors were open to objection, because, when
disturbing factors are numerous or the conncction sought is slight, the same curves
may be variously interpreted by different authors. Sir Gilbert therefore brought to
bear upon his problem the statistical method of what is known as the “ co-eflicient
of correlation ”, a method that gives quantitative instead of merely qualitative re-
sults and is free from subjective inflaences. He also considered it necessary not
to limit his enquiries to the Indian monsoon region but to take the whole world for
his field of search for correlated factors, and was content to leave for subsequent
work any attempts to obtain physical explanations for the relationships that should
be fourd. In 1910 there appeared the first of a series of departmental memoirs
on the statistical examination of such relationships. Though barometric pres-
sure in India was found to be strongly correlated contemporaneously with the amount
of morsoon raivfall, the connection with Indian pressure in ¥ay or in earlier montlis
was found to be very slight. The association with Indian temperature in May was
also examined. Since the heating up of the lands of south Asia is a fundamental
portion of the mechanism that brings the moisture-bearing winds northward over

MI8&D@G of Ob
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the cnuator to India, it was popularly believed that yeara of Ligh temperatnrs
in May would be years of abundant rain, and rice veyss.  Bot the dz'a dos ner eom-
firm any conclusion of the kind, either when the temperatures vver Indis aa 2 whoe
or when those of the northwestern regions only are conaidered ; and Sir Giltert erm-
cluded that the paradox might be ascribed to cur ignorance of temperaturs is
the upper layers of the almosphere.,

When at a loss for an explanation of failures in the Indian rains, several wric-rs
had put forward the suggeation that an abundance of icebergs in the sou b Jrdian
vcean would probably have a marked effect on the 504 tempesatores ard o b2 2
determining influence upon the monsoon. An examination of the mformiiin
ahout ice as recorded by ships, did not kowever support the snggastion. On the ther
hand, the ice data of the south Atlantic ocean were much more promising. for thes
emphatically suggested that years of much ice off South America tended to be years
"of high pressure in the Argentine and Chili and of good rainfall in India.

The origin of monsoon forecasting, as already noted, lay in Blanford's discovery
that Jate and heavy snowfall in the mountains to the north and northwest of Indis
was prejudicial to rainfall in northwest India; Bianford bad aiso recogaised that
associated with late snowfall were high pressare in the neizhbourhood of Gujaras,
and northwesterly winds over northwest India. With the data which had accamn-
lated since Blanford's time, Sir Gilbert was able to subject this questioa to a erizical
statistica! examination and conclusively showed that the snowfal ac-wmalanon a
the end of May, and not thr amount which artially falls in M, 3 the fmoo-iias
factor. Turning his atteation now to extra-Indian factors Sir Gilbert consld>~d
that the connections with pressure at Mauritius and rainfall at Zanzibar in May.
and with pressure in South America in Aprii and 3ay, wgre suliieatly peovan -1
to justify their use, along with the snowfall factor, in a forecast of th2 m~az0 3.
The relative importance to be attached to each factor was assesse] s atistically and
expressed in the form of an equation, which conld be 2npli=d by anyone and was fra2
from personal bias. It was recognised that by no means all the factors afectinz tas
monsoon had been discovered ; other potent factors, unknown and unasseazed, mirhs
upset the forecasts. All the more interesting therefore was it to ind. on examiza-
tion 13 years later, that the indications given by the 1910 formula had bren [aidr
definite in eight years and been of the right sigm in seven of these eight vears. In
‘these early memoirs similar methods were applied to determine the relationship of
the Nile flood and Australian summer rainfall with other meteorologica! factors
and statistical formule were given as guides for rough forecasts of these two pheno-
mena.

In later years further progress in the solution of the monsoon problem was m~1e
by considering the local distribution of monsoon rainfall Excessive rain in April
- and May at Zanzibar, which is close to the path of the Indian monzoon winds. appears
to be prejudicial to the rain from the Arabian Sea monscon; but, like snowtall it
‘has no influence on the rains of Burma and N, E. India, which come from the Bay
monsoon. Similarly excessive rain at Seychelles in the path of the Bay monsooca
is prejudicial to the rainfall brought by that monsoon. Improvements in forecasting
were attained by coosidering Burma, N. E. India and S. Madras separstety, and
dividing the bulk of India inte two areas, the north-west region and the Peninsula,
each fairly homogeneous in its dependence on external factors. By 1924 several
other important relationships were discovered, notably the favourable effects of low
pressure at the Cape in the previous spring months, deficient rainfall in the preceding
i'gliny d:easom in Rhodesia and Java, and low winter teniperatures in the Aleutian

ands,
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The problem of forecasting at the beginning of January the subsiquent winter
precipitation of northwest India was tackled in & similar manner; the factors
ultimately adopted for use for this purpose being the preceding precipitation in
northern India, Persia, the Andamans and Zanzibar, and barometric pressure and
rain at the Seychelles. In shoit, before his retirement Sir Gilbert hed examined
wmost of tir available meteorological data from all corners of the earth for the light
they could throw on the Indian monsoon and winter rains ; and it is clear that any
rconsiderable further improvement in such methods of forecasting must await the
tabulation of the rainfall of large areas like Australia, Amarica and Africa and the
accumulation of data from Antarctica and the upper air. -

20, While the investigation of the zelationships between the Indian monsoon
rainfall and extra-Indian factors aimed primarily at improving the monsoon fore-
wcasts, it also led incidentally to the accumulation of a great deal of information cou-
cerning world-wide variations of wenther. On collecting these together, since all
weatlier operations may be ascribed ultimately to energy from the sun, it was natura >
in the first place to consider hew far the variations were controlled by variations in
numbers of sunspots. In the year 1915 three memoirs were published dealing with
the connection of sunspots with rainfall, temperature and pressure ail over the carth ;
and the question of the effect of the sun as a dircet control of weather was again
reviewed ina paper in 1923.  Authorities are agreed that increased spottedness of the
sun is generzily accomparied by ineroased solar radiation. It is remarkable therefora
that a period of sunspot maximum is accompanied, on the average, by a fall of tempe-
rature, particularly in tropical regions. The relationship between sunspots and pres-
sure turned out to be very slight, and not in the same sense for the whole earth,
increased spottedness leading on the average to inereased pressure over the Western
hemisphere and decreased pressure over the Eastern.  Rainfsll is affected irregularly
but in general the relationships of sunspots with rain gre opposed 10 those with pres-
suwre. On Indian cloud, sunspots exert apparently a slight stimulation except in the
bot weather months, April and May. For the sunspot-temperature relationship a
plausitle explanation is afiorded by supposing sunspots to eausc higher temperatures
in the upper sir over land areas, inducing indraught of sea winds with increased

"bumidity and cloud and so producing & lowering of temperature at lower levels.
The increase in humidity, however, would zlso call for either increased temperature
or increased wind velocity over the oceans, and neither of these results appears to be
specizlly associated with sunspot maxima. Turtler, the negative correlation between,
tempereture and sunspots is found to persist cven when the effect of , sinfell on tem-
perature is allowed for. We are forced therciore to imagine that an increase of sun-
spots somehow causes greater opacity to heat in the atmosphere through some
sgency not associated with rainfall. On the other hand, the correlation between the
Anmericen rolar radistion messures and temperature is generally positive, but small.
The whole discussion finzlly led to the verdict that the widely provalent idea of
sepsonal weather variations being directly controlled by variations in solar radiations
is erronecus. As a definite example, there is nothing obvious in solar physics te
explain, without reference to previous terrestnal conditions, the contrast between
the biggest Indian monsoon on record in 1917 and the monsocon in 1918 which has
only been surpasscd in scantiness twice in the last sixty years.

The key to the varietions of terrestrial weather must therefore be sought within
the etmoephere itself in the previous distribution of weather abnormelifies, Sir
Gilbert’s study of workl weather from this point of view h:s been described in two
departmental memoirs, both rich in suggestion ard so concizely full of fac's that
they tardly bear cordensing into a chort deseription. The quarterly means of

and rainfall at some 20 centres o' cr the earth were zll ccrielated ore
wit'i another, not only fur the sumc seasun but for one quarter and two quarters
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before and after. In all, over three thousand eotrelation cneff cieta were worked
out and tnhulated, so that the paperslaid down a thorough fcunlztior frr brg
range weather forecasting in oll parta of the world. The generzlisation which emerzes
from the mass of detailed information is that

* there is n swaying of pressure on 2 big scale backwards and forwards between
the Indian Ocein and the Pacific Ocenn, and there are swayiozs on 2
much amwaller scale between the Azores and Iceland gnd betwern the
areas of high anl low pressure in the North Farific ; further, there i
marked tendeney for the * highs* of the last two swayings to be aeren-
tuated when pressure in the Pacific s raised and that m the lodian
Ocean lowered.”

Attention has frequently been devoted by Europesn meteorologsts to the
mechanism of the oscillation in the north Atlantic where an aceeniuated pressure
difference between the Azores and Iceland in antamn and winter is asociated with
a strong circulation of winla in the Atlantic, a strong Gulf stream, bigh temperatures
in wintor and spring in Scandinavia and the east coast of the United States, and with
lower temperatures on the east coaat of Canada and the west of Greenland. The
larger scale oscillation between the Pacific and Indiap oceans, briefiy named the
* gouthern oscillation ", i3 shawn by the tendsnzy of presscre at stations in the
Pacific from Tokio to South America, and of ratfall in India and Java (presamably
also in Australia and Abyssinis) to increase, while pressure in the region of tae Indian
Ocean diminishes.

The mechanism of this oscillation #s difficult to understand. It was poticed
that the oppasing areas in th2 oszillations were stronzly reminincent of the 2re:s
of positive anl nagative correlation coetizients shown on the chart in the eztrr
memoir on sun3pots anl pressure, already referred to. Since the infuence of the s
as a direct control has already been ruled out of account, the meaning of this similari-
ty mu:t be that * varistions of world-weather tend to occar in s definite mancer,
1.¢., to be associated with definite swayings or surges of pressure, and that charges
in solar conditions tend to favour or check these weather chang»:."

In the search for the cause of these slow swayings of pressure, the mast suggestive
relationships are thoss of winter pressure in south America, the changes in which
usually prezels changes elsewhere ; and the natural inference is that outh Amerks
is either one of the original controls or is connected directly with it. After an ex-
haustive examination of the poasibility of the relation dependirg on a sea current,
sometim2s comparatively warm, at others comparatively cold, leaving south Armerica
in winter, Sir Gilbert finally summarises his discussion thas— o

_ * The natural view is that positive departures in the first group and rnegative

in the second sug rest an increase in the gemeral circulation : but. .. ...
this theory is not free from difficulty, and the fuller information now
available shows that the explanation of the reversal between the 8.
Pacific and the Indian Oceans does not lie wholly in the cold currents
from the Weddcll Sea to the Cape; for there are contruls of South
America in the first half-year by previous pressure conditions st San
Francisco, the Cape and probably in India, and these cantrols include
reversals just as those exercised by South America. Conditions in the
area of the Indian Ocean affect each other closely, but thev exercime
comparatively little influence on the region of the Pacific Ocean. It
may be that the solution of the general problem will rot be found
until we have ascore of years of monthly means of Anta~ctic and
upper air data availabie,
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* There are however grounds for satisfaction in the consistehey of the rela-
tionships ascertained. If we examine the 150 significont coefficients
between the 11 representative centres we shall find that the classi-
fication just given directly explains the sign, of 149 of them. The
solitary exception is the negative eflect of Java rain (October to Feb-

* ruary) upon the Peninsula rain of the succeeding monsoon. This con-
sistency 18 very remarkable and supports the view that seasonal fore-
casting is cepable of wider application then at present. For the
amount that appears capricious in the relationships is materially less
than might have been anticipated ; so that when the departures from
normal of different regions used in forecasting the rainfall of a country
point in the same direction and are strongly marked, there is the
grester reason dor expecting that the conclusion indicated: will ba
realised. To this argument may be added that the rainfalls of Java,
India and- Rhodesia appear to have far-reaching influence, largely
independent of that of the pressures in these areas ; and there is every
reason for hoping that the tabulation and publication of reliable series
of the rainfall of other large areas, in Australia, America and Africa,
will have Important resalts

21. This note on $ir Gilbert’s contributions to Indian and world meteorology
may conclude with an extract from an appreciation of his werk by Captain Brunt, a
meteorologist in the British service.—

“ Dr. Walker's discussion of the seasonal variaticns of world-weather form
the most comple e discussion of the subject which is available at the
present day. In the future it will be possible to supplement this work
by the investigation of observations made at other places where obser-
vstions have not been hitherto available,

“The value of the papers, which represent many years of continuous and
strenuous work on the part of Dr. Walker, can scarcely be over-esti-
mated. Quite apart from their direct application to the forccasting
of the monsoon rainfall and the light which they throw on the physical
causes of variations of weather in India, they establish some very
interesting and important rel:tionships between the seasonal changes of
weather in different parts of theglobe. Whether these changes should
Le regarded as pure oscilietions of the general circulation of the at-
mosphere in the ordinary sense of the word oscillation, is doubtful.
They are possibly oscillations which after a time are damped out and
may later be brought Lack into being with a different phase. And
it is on account of this possibility of a change of phase that the method
of correlation coefficients adopted by Dr. Walker is superior to the
method of harmonic analysis at the present stage of our knowledge.
Dr. Walker has shown, as 1o one else has ever done, how very power-
ful an instrument for scientific investigation of the earth’s atmosphere
is afforded by the method of correlation. He has now brought his
investigation to a stage at which it is profitablesto-discuss the resuits
from a purely phymcal standpoint, as opposed to the statistical method,
and the last paper by him to which reference is made above is the begm-

ning of this stage ".
9292. The foregoing history of the department in Sir Gilbert Walker’s time has

ghown that despite many handicaps, a very material advance has been made during
the last 20 years in most branches of our knowledge of Indizn and weorld meteorology,
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it mav confidently be claimed that in the fare of much that some yoars s20
::gﬁled oﬁycigl (]iscom'igement, a very bigh “ yield ” hag been rgtrmwd for oazay
and opportunities which were totally nadequate considering the importance of the
objects in view, .

Bir Gilbert retired from service in December last ; he was gazetted CSL,
1911 and Kt¢., in 1924¢. For him personally the whole department retains the live-
Tiest affection and regard : his kindly sympathy tided over magy a perind of depres-
sion in work, and his enthusiasm, strong sense of reason, and grasp of the_ trae bear-
ings of emerging results were responsible fot she niteworthy sdvanees whick marked
his regime. :

93. This short survey brings the department up to the present time, and it is
advantageous to summarise the position as it now stands, and to define what is
necessary for the future if the department is to make progress in matters ripe for
aitention, i

With existing strength of headquartets staff little more is possible than &5 keep
up mere routine work in a scrambiing and unzatisfzctory manner. No time is left
to cfficers for such progress as in otker coun‘ries is regarded as essential in these times.
We have to look forward to the certainty that aerial transport is coming east to stav,
and India is to reap the immense advantage of being on the direct Empire rote tor
Australia. Itisimperative cot to be caught nnready with apper-air data when that
time arrives within the next few years, but the present provision of balloon stations
rhows poot recognition of this point. In this connection it may be mentioned that in
1918 the balloon station at Lahore was started with the foresight that frontier fiving
would : hortly demand upper-air normals ; and fortunate indeed it proved, withm =
few years, that this had been done. Immediate steps are called for now to set these
fresh roatters right, and the undertaking is not expensive in comparison with the
valus of the work to be done, Representations on both staff strength and increase
of balloon stations in India are hefore Government, and it is hoped that the remedies
suggested will be found practicable.

Then again there is the difficalty <f headquarters focation. For 50 years the
department has been Fundled through a series of temporary guarters in Simla, and is
now packed into a building totally unsuited to many of the new activities demanded :
the need is to remove headquarters from Simla to the plains, to some place
in the direct line of the monsoon where officers can, as they cannot now. get per-
sonally busy on research to improve knowledge of upper-air monseon conditions with
a view to accurate ferecasting. Proposals on this point are before Government. As
regards the actual location Poona suggests itself as suitable, and with the present
Agra observatory continuing to speak for the npper-air conditions of porthern India,
and Pcona for the south, it will only be necessary later to adopt a third, bat quite
subsidiary, experimental station in northeast India for a tfiangle of major observation
" to have been cbtained, and a great advance to have been secured.
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e, -
REPORT ON THE ADMINISTRATION OF THE METEORO.
LOGICAL DEPARTXENT. OF THE GOVERNMENT OF
INDIA IN 1024-25. . ‘

CHIEF FEATURES OF THE YEAR,

The prescnt year completes a half century since the department was constituted
on 8 centraliced system, fiom the originally independent and frogmentary services
in provincial areas : and it has seen the retirement of Sir Gilbert Walker, who for
some 21 years has very ably directed the policy and work of the department. To
mark this stege in the department’s history and development, the ordinary annual
report has been prefaced by a historical review up to the year 1924,

2. The ycar under review was marked by considerable activity, made possible
by a budget allowing of liberal inspection tours, which have been out of the question
on any adcquate scale for many years past, and by the relief afforded Dby the grow-
ing acquaintance of our Indien officers with the administration of the department.

3. The measures which were taken in 1922-23 to share in the scheme of severe
retrenckment required by the Government of India have not in all cases turned out
happily, and it appears now, in the light of experience, that more was attempted
than was advisable. 8o many and vigorous were the protests from public and other
bodies in regard to the reduction of reporting stetions for the Bengal Daily Weather
Rerort, the stoppage of the Report itself for a part of the year, and the transfer of

_cvelone-warning duties from Calcutta to Simla, that it was found necessary mate-
nally to reduce the measure of retrenchment intended by reverting in someo cases
to prior practice and expenditure. Perhops -the strongest protests came from

- the Chamber of Comimrerce of Bengal, who .objected to mearly every step

which has affected non-official Bengel ; snd in addition to securing scceptance of
certain of their minor points, continued to urge Government to reconsider their
most insistent demand that the work of cyclone-warning shall be retwned from

Simla to Calcutta.

4, Such ‘ncidents draw attention to the pullic utility of the department, &
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utility seldom realised outside the ranks of i{kose who immedictely benefit, and
only perhaps by them when the benefite are themselves threatened with foreclosure. -

It is certain that the functions of cycloie and flood-weming alone, though not
directly of & revenue producing type, are from time to time the means of saving
immense sums to the country, and by themselves constitute a claim to adequate
financial treatment, when lines of meteorologica! advance affecting them are being
hampered by lack of funds.

5. During the past year the services of cyclone warning to ports and shipping;
and of flood warnings *o officers in the irrigation, railway and other depar.ments,
were carried out as well as present cond tions allow.

The period was marked by heavy localised rainfall causing destructive floods
from time to time in various parts of India, but the sea areas were unsually free
from seve-e storms. Warnings for the Arabian Sea were issued during the year
on 21 occasions. No storm occurred in this sea ares. and the warnings were general-
1y for squally weather due to advances of monsoon, and for western depressions which,
in passing through Baluchistan and Rajputana, caused rough weather on the coasts,

For the Bay of Bengal warnings were issued for 35 periods of disturbed weather H
the d'sturbances developed into storms during b of these periods, and juto a cyclone
during oile,
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- 8. An outstanding need for improving accuracy of cyelime-warning in to seenrs
co-operation of ship comntanders at sea in the matter of wireless eommanicatum of
certain standardised sets of meteorological observations. The wide distribatiom of
the printed codes of the department or this purpose has been found meflective in
the absence of such goodwill as can only be secured by suitable resident representa-
tion in Calcutta.

- With a view, however. to make the best of the present crippled ermdition of the
department, & beginning was made during the year under review with the policy
of intercstiog individual ship commanders by supplying on personal ken reiable
instruments for shipbaard use, in Teturn for regular weather messages and for sperial
observa‘ions when called for by the department. Twe good barngraphs have thus
been supplied to the two mail steamers on the Madras-Rangoon run, and the results
obtained show that the expenditure hes been justified. Any comsiderable or rezily
effective extension of this policy cannot, unfortunately, be undertaken unl:as the
gazetted staff in Calcutta and Simla is increased.

7. Work continued throughout the year on precise measurements in high-lev=l
winds at the Agra heedquarters of the upper-air systemn and the eizht outstations
of India and Burme ; end an expedition of three observers and equipment worked
in Jask, on the southern coastline of Persia, doring the monsoon and winter memtha

The Agra Upper-zir Observatory wes started in 1913 on a temporary basis with
sanction for 10 years, and as a result of the very solid advantages guined from its
investigations, was made permanent, with part of its staff, in 1924.

A branch of its utility lies in a=soctation with Army Headquarters to provide
for the needs of Artillery and’ Royal Air Force. This connccticn becomes closer
year by year, snd involves, therefore] an increzsing amount of incidental work out-
side the purely meteorological objecta of the cbservatory. Thus as a resuit of &
request by the Royal Air Force reading :—

“ 1 have recently flown round from Delhi to Peshawar, Quetta and Delbt
and have used 3 of your forecasts.
All 3 were remarkably correct in every detail. Please allow me to congra-
tulate you on these results.
I want the Royal Air Force to use your forecasts much more freely both for
travelling flights apd for operational work. Can you let me know
whether you can supply these as required 27
such forecasts on demand were promised by the Simla Meteorolozical office, to be
based partly on regular or extra observations at upper air stations.

The character of the co-operation of Agra with the Artillery has besn mentioned
in previous annual reports, and with regard to the Royal Air Force, consideration
was given by Government to questions of relative incidénce of work and expendi-
ture between the Royal Air Force and the meteorological department in a scheme
for satisfactory co-operation on the frontier. .

8. Assistance from our Simla and Agra offices and their upper-air outstations was
nsked for, given, and gratefully acknowledged on the occasion of the U. 8. Al
flight and Squadron Leader Maclaren’s fight through India. The acknow-
Iedgments indeed, were couched in terms which increased even the Department’s
own realisation of the essential necessity of current upper-air information in any
flying service in the East, _

9. In general it may be said that such physical experimental work as Agra
undertakes on upper-air conditions is now regarded the world over as the next essen-
tial to meteorological advance. In India especially is it necessary; and, given



30

proper facilities, it is likely to form in future the mostactive part of the programme
of this department. On this account there has for some time past been a realisa-
tion that a really live headquarters of this depsrtment must in future be stationed
in the plains, at some place where typical conditions of Indian weather prevail,
and that a move from Simla was called for. Northern India, with its hazardous
contact with the monsoon, is well represented in this matter by Apra, and 8 proposal
to move headquarters from Simla to Poona, in the direct path of the more vigo-
rous monsoon fresh from the Arabian Sea, and there to provide adequate means for
this newer type of work, was put before Government.

10. In matters of research and publication we had the work of Sir Gilbert Walker,
now issued in the departmental Memoirs,

Correlation in seasenal variations of weather, IX—A further study of world
weather,

Correlation in seasonal variations of weather, X—uApl)hcatlons to seasonal
forecasting in India. o

- Monthly and apnual normals of rainfall and of rainy days, (from records up
to 1920), and

Frequency of heavy rain in India.

In the press, also, was an atlas by Dr. Normand, of storm tracks in the Bay of
Bengal, brought up to 1923 inclusive.

LEAVE AND APPOINTMENTS.

11. Sir Gilbert Walker went on 6 months’ leave preparatory to retirement, from
14th June 1924, Dr. C. W. B, Normand officiating as Director-General up to the 9th
October and Mr. J. H. Field, on return from leave, up to the 13th December 1924,

Mr. J. H. Field returned from leave on the 10th October 1924 andl was later

appointed Director-General of Observatories in succession to Sir Gilbert Walker,
from the 14th December 1924,

Mr. V., V. Sohoni went on one month’s leave on the 20th March 1925.

Mr. V. Doraiswamy Lyer was appointed Assistant Meteorologist from the 14th
April 1924, and was granted leave for 3 months and 12 days from the 27th Feb-

ruary 1925, Mr. Mukand V. Unakar acted as Assistant Meteorologist during his
absence.

.

Mr. M. G. Subralfmanyam returned to auty after 3 months’ leave on 12th April
1924. Mr. Hans Raj Puri acted for him during his absence.

Mr. Barkat Ali was appointed Assistant Meteorclogist on probation from the
16th April 1924.

Dr. T. Royds went on combined leave for 13 months from the 24th November
1924, and during his absence Mr. A, A. Narayana Ayyar, Assistant, was placed in
charge of the duties of Director, Eodaikanal Observatory,

Mr. 8. Sita-amayya who had been granted combined leave for 28 months from
9th September 1922 was allowed to return from leave ; he joined duty at Agra on
the 16th April 1924.

THE SYSTEM OF STORM WARNING POR PORTS AND SHIPPING.

12. The work of warning ports and shipping in the Arabian Sea and the Bay
of Bengal of the approach of cyclonic storms or of bad weather was done throughout
the year from Simla. Thirty-one ports are on the warning list for storms in the
Arabian Sea, and thirty-nine ports, fourteen River Police Stations and 40 District
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Polics stat'ons for storms in the Bay ; of the Bay porta, twelve got adizimal in-
formation regarding the particular areas in which waeather is d*starbad, 8 sperial
system of * Incality signals® heing in nse for this purpose.  Shipping at sa s 2w
supplied with the latest weather information by means of wireless bnllstine, which
are broadcasted twice daily, or more frequently if the oceasion demands 1t, mm the
radio stations at Bombay, Karachi, Calcutta, Rangoon, Madras, Matara (('eylon) and
Aden. The weather bulletins from Matara and Aden were started in March 1720
at the request of the Admiralty, A complete account of the warning systemn may be
Sound in the * Code of Storm Waming Signals for use at Indian Ports,” oltainaile
st Calcntta from the Superintendent of Government Printing, India.

Warnings to Ports and Shipping in the Bay o/ Bengal.

13. During the year warnings were issued for thirfy-five periods of di=turbed
weather ; the disturbances developed intr moderste st .rma during five of these
‘periods, and into a severe storm once. The last mentioned storm was generzted
to the southwest of the Andamszna on the 15th November, moved 2t first westnorh-
west and Iater slmost north to cross the Madras coast near Gopelpur on the morning
of the 19th. It thus threatened a long stretch of coast linc before ectually passirz
inland. The warnings issued for this storm, as well as for most of the other periods of
disturbed wenther, were satisfactory,

'14. As an instance of the usefulness of the warnings it may be mentioned that
in the cyclone of November last, the 8. 8. * Bame 7, Iying in Cocanzda, telegraphed to
Simla to know whether she should proceed, and decided on receipt of reply tobe ap
for 36 hours, and then steam south in her passage to Rangnon to dodge the eycicne
‘position. In the same cyclone, three of the Asiatic 8. N. Co.’s steamers marked
time at the head of the Bay until the Simla brozdcasts showed that it wzs szfe o
move on.

15. Two important criticisms, kowever, were received. One from the Deputy
Port Conscrvator at Caleutts, dated the 4th August 1924, made the following 7
statements :—

(1) “ Yesterday it was obviows to everyone that weather was very unvetiled at the head of the
. Bay but no wamning of any doescription was received either from Simia or lceally ~.

12) * At 2-20 P. M. & telegram was received from Simia reading as fcllows— Deep depreswion
with centte near Sandheads moving weat-north-west winds comparztively weaz af
present neighbourhood centre, but anusvally strong maminder of Bay st divand
cauticnary signal No. 17, ,

. {3) *3 ru, telephoned to the Jocal Metearological Office ; was informed by bend derk that
Meteorolcgist was not in office.  Was toid that the storm centre was 50 miles g xttenss
from Saugor Island. Head Clerk stated that his office coukd take no further action with-

- out instrugtions from Simla ™. -

(4) * 4 r.u. Telophnned to Meteorological Office again. Waa informed by bead clerk that
Meteorclogist had gone to the Presidency College, and was not expected back before the
evening. He.communicated telegmin received from a. 5. NYam Scng. at 13 boom, rrahng
a8 follows—* Position 81°.30° E. 16°.30" N. wind scuthwesterly gale force, ssa wery
rough, weather becoming worse . Omn being questioned head clezk stated that hus
office was taking no ateps aa regards further local obeervations.

{B) * Uoder the circumatances Signal No. 1 is valueloss both to ocean going veurels, and to local
craft, Should the storm develop in intensity. and ghould it be necomary for w %o pl
emall craft in sholter, approximately 12 houn muat clapse before this can be e-::-r:
complotely ', .

(6) * I tako a very strong view of the manner in which wamings are being immed, and feel that
the matter shculd be strongly ropresented to Governmens .

{7} " On.our.own responaibility wo have hoisted No. 4 Stortn Signal ™.
16. This letter was discussed at & meeting of a committee of the Bengal Chamber
of Commerce with the ofticieting Director-General, who pointed ont that the second
part of (1) was incorrect, inasmuch as special telegrams sbout weather at the headof
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the Bay had been sent both at noon and at 9 p. M. on the 3rd August to Calenits
port officials, who had received these messages. With regard fo (2), (5), (6), (7)
it was explained that the telegram sent at noon on the 4th purposely used the term
“ depression” and not *“ storm ", because ships and ports near or to the north of the
centre of the depression were not considered to be in danger; consequently the
“ cautionary ” and not the “storm ™ signal was ordered to be hoisted ; and, it
may be noted, the next day’s observations showed that the depression had moved
west-north-west, exactly as forecasted, without causing stormy weather at the
Hooghly ports. With regard to (4) and (5), the Calcutta Daily Weather Report’s
mention of & srall storm near Saugor Island was unfortunate, while the Head Clerk’s
reply to the Deputy. Port Conservator over the telephone was quite misleading,
inasmuch as Simla was getting special observations from Caleutta every 8 hours and
the Superintendent at Calcutta was examining frequently the records of the self-
recording instruments and would have sent Simla & priority telegram in the event of
any unexpected change. Thus the Simla warnings to Caleutta, though not trusted,
were in fact good, but the telephonic information given by the Calcutta Head Clerk
was misleading, -
17. From the Deputy Port Conservatory at Rangoon a criticism was received
regarding the warnings issued on Ist September 1924, His letter read as follows—

“ On the 1st September 1924, a storm of moderate intensity struck tho Port at about 3-30 p.m,
The weather telegram intimating the formation of a depression with aqually weather
between the Andamans and Dinmond Island that might develop into a atorm, together,
with cautionary weather signals to be hoisted for the information of shipping, was only
despatched from Simla at 12-35 p.M. on the Ist Septomboer and reached this office at
3 r.u. on the same afterncon. This gave very little time to warn local shipping of the
approaching bad wenather and, whila no report of damago to sea-going vessels that armrived
in the Port after the lst September 1924 was roceived in this office, damage to river
craft was fairly general, I presume that in this instance the depression formed ao quickly
in the Bay that it was not possible to acquaint this office any earlier than was done of
the approaching bad weather”.

The weather situstion in the Andaman Sea became slightly suspicious on the morning
of the 31st August, and special observations were called for from the coast stations
that evening. Neither the morning nor the evening observations seemed, however,
to justifiy the hoisting of any signals at Rangoon. By the next morning a depression
had formed with centre some 60 miles east of Preparis Island, and later developed
into a storm, which moved west-north-west during the next three days, but its centre
was at no time within two hundred miles of Rangoon. In view of this distance of
the depression centre the force of the squalls at Rangoon on the afternoon of the 1st
was unexpectedly great; and the failure to hoist the local cautionary signal at an
earlier hour wgs not due to neglect but to the definite belief that it was not justifiable.

Warnings to Ports and shipping in the Arahian Sea.’

18. The west coast ports are warned not only for storms but alse for squally
weather, especially at the beginning of the monsoon. Thers were 21 periods of dis-
turbed weather for which warnings were issued : during 16 of these the warnings
were_for squally weather or strong winds connected with the monsocon, and during
the remaining 5 for rough weather off the Mekran coast due to the passageof western
depressions through Baluchistan. There was no cyclonic storm in the Arabian
sea during the year.

FLo0D AND BTORM WARNING, AND WEATHER FORECASTS TO DIsTRICT IRRIGATION,
Raiiway axp oTHER OFFICERS.

19. This work was done wholly by the Simla Meteorological Office. The arrange-
ments have been made at various times and differ considerably in character, accord-
ing to the nature and extent of the flood or weather warnings required by those con-
cerned. In most cases the officers require telegrams either warning them of
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advancing storms likely to give heavy rain or informing them of the s-4321
cocurrence of heavy rainfall likely to cause severe floods which might injure nilwaye
or canal works ; and in other cages, they require wamnings or furecasts of the wesriver
for as long & period beforeband as poesible.

20. At the end of the year the listed number of district oficers and oficers in
the irrigation, railway and other departments to whom flored warnimgs, weatker
forecasts or intimations of the likelihood of rain during the dry seamm wers 0 ber
gent by this department was 205. There were also 19 officers of the Toegr: 2
Department requiring warnings, mostly for strong winds.

In order to provide against sericus loss of life and property in mnland Bengal
when a eyclone from the Bay crosaes the coast, 461 officers were added in 1921 to the
warning list ; of these officers 40 hoist the signals shown in Appendix D of the ~ Code
of Storm Warning Signals ” whenever insiructed to do so.

21. The number of special forecasts and warning messages issued by the DepTt-
- ment during the year was 1616, and in addition 702 telegrams of sctual heavy rain-
fall were sent by meteorological observers direct to various officers.

Reports were received from 54 of the officers on the warning lists. Of these
40 stated that the warnings were satisfactory, 7 gave no remarks, e the remmaiming
7 offered snggestions or minor criticism, which have received consideration.

. On the whole a comparison of the warnings with the actnal subsequent rain-
fall, or the tracks of storms inland, show that the system is working setisfact.ily
and that most of the warnings issued were of value to the recipients.

Warnings to Military Authorities.

22. Telegraphic forecasts of the likelihood of bad weather were sent throughoat
the year to Headquarters, Waziristan and the Officer Com:mrending, Roval Air
Force, Dardoni, and were stated *“ to be timely, accurate and most useful ™. ‘Special
warnings were issued to the General Officer Commandirg, United Provinces Listrict,
Meerut, as well as to the General Staff Branch of the Army Headquarters, in con-
pection with the Eastern Command Marnceuvres which tock place hetween the 15th
and the 21st January 1925; the Generel Staff Branch reported that the forecs ts
had been very helpful to all concerned. Warnirgs were also issued to the (iScer
Commanding, 4th Infantry Brigade, Nowshera, in connection with Brigade triinice
during the later part of January ; the Officer Commanding, in askiné for earticss
news of approaching rains during the 10 days beginnirg on the 2°cd Jsrrars
expressed gratitude for the accuracy of the forecasts made to him prafious to that
dote,

) Warnings to Ariators.

23. From time to time telegraphic weather warnings were supplied to varions
aviators, and it is asatisfactory to note that almost mvanably the forecasts were
reported to have been correct and useful. The American aviators who flow round
the world were supplied with such information, in a series of some 200 telegrams
from meteorological stations -between the Persian Gulf and south Burms. as well
g8 from Simis headquarters. ’

24, The following appreciations of the department’s warnings are of interest :—
Tho Acronautical Engineer, Air station, Monkey Point, Rangoon says :—

*There is no doubt whatever your telegraphic weather
local stations between Caloutta and R ] lndr:ll;:“' both h:ﬁ
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Tavoy, a3 well as your more géneral roport from Simls, sent at the
time the world flights were passing over this part, were of the utmost
utility.

The United States flight and Major Maclaren both passed over the Rarrgoon-

Akyab section on the same day. On the following day the- United -
Statos flight continued to Calcutta and one day later Major Maclaren
left for Bangkok but made a halt at Tavoy,

Al these flights were started on these particular days, owing to the improved
weather conditions along the routes as shown by your reports. ......
............................. Upper air reports were of course
the most. uscful 7. :
The American Consul, Calcutta, wrote as follows ;—

“On behalf of the American Aviators and Naval Officers recently in
Calcutta I desire to extend to you my hearty and cordial thanks
for the very valuahle assistance which you and the' members of
your staff rendered to them in promptly and regularly transmitting
reports on weather conditions.

Tlight Commander Licutenant Smith asked me partlculnrly to tell you
of his appreciation of your unusually fire co-operation and of the
high quality of the reports submitted. They have contributed
largcly to the success of the flight throughout India.”

25. Royal Air Force, Headquarters, in a note on operations in Waziristan
i ntimated that :—

* The eir staff would like to express to you their gratitude for the trouble
you have taken in this matter.

The reports have been of the greatest value, and T have heard from the pllots
bhow much they have appreciated them ”

26. The Chicf Staff Officer of Royal Air Force, Headqua.rbers wrote on the 21st
Fcbruary 1925, that : —

I bave recently flown Tound from Delhi to Peshawar Quetta and Delhi and
have used 3 of your forecasts.

The first said that the weather at Peshawar would break on Tuesday 10th ;
the second that there weuld be fine weather over the Zhob on Thursday .
12th and Friday 13th; the third that the weather would be firo
with ‘poor visibility. on Wednesday 18th and Thursday 19th in
Rajputana. All 3 were remarkably correst—in every detail. Please
allow me to congratulate you on these results.

I want the Royal Air Force, to use your forecasts much more freely both for
travelling flights and for operational work ™.

27. In the near future there is the probability of closer co-operation of the
department with the Royal Air Force as the development of civil and mlhta.ry
aviation progresses ; and plans about appointment of forecasting meteorologists at

centres like Quetta, Peshawar and Karachi were discussed during the yeer.

. o7

BurPLY OF METEOROLOGICAL INFORMATION.

28. From time to time special information is supplied to the meteorological
departments of England, Australia and Egypt. Climatological and other data,
at times involving speeial calculatmns are also provided for sanitary and othpr
MI188DGofOh
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officers of Government as well as for those private firms who sre willing to pay for
the service. The extent to which the department was utilized in this manner durning
the last year will be seen from the curves B and Cin the graphat the erdoftaa
report. -

UrerrEr A Work,

29, Exploration of the free atmosphere in India has been mr;gnif’.f] s
indispensable in the in‘ercsts of aviation, gener:l meteorology, and both daily ard
seasonal forecasting. This recognition found its expression in Governmwent's orsz
of April 1924, plasing the Agra observatory on s permanert footicg acd establiak-
ing the nucleus of a permanent staff there. The principal routine work of the ycas
at that observatory consisted as before of

(a) supplying material and equipment to the upper air stations st Quetts,
Peshawar, Lahore, Simla, Dismond Harbour, Akyab, Bacgalore and
Bombay. - .

(b) exercising close supervision over work at outstations.

(¢) tabulation of pilot balloon results and of cloud obeervations.

(&) flights of instrument balloons—69 were sent up, and 41 recovered.

() repair to barometers and anemometers.

(f) construotion of Stevenson sorcens—65 were made and sent to various
observatories,

The new engine house, begun in November 1923, was completed in Febmary
1925 and the ercction of plant was taken in hand.

30. An interesting activity of the year, was an expedition of 3 observer to
Jask on the Persian Gulf for a year’s series of pilot balioon observations, begracing
on 4th June 1924. The expedition was undertaken to oollect upper-air data in am
unsurveyed part of the Imperial air route, and also to throw some light on the
physical causes of breaks in the monsoon.

31, The Agra observatory as ususl supplied equipment for pilot balloon work
at 8 artillery practice camps during the winter.

At the request of Royal Air Force, a batch of 6 Royal Amr Porce wire'ess
operators was trained in Agra in pilot ballon observation, in Asgust 1924 ; some
of these keep in touch with the work, by helping the department’s observers as
Quetta and Peshawar. )

His Excellency the Governor of the United Provinces visited the Agrs obeer-
vatory on the 16th August 1924. :

OBSERVATORIES.

32. Bombay.—The routine activities of the observatory and the Meteorological
Office consist of registering contimuons records of magnetical, meteorological and
seismographie instruments, taking numerous eye observations, reduction and
tabulation of these data, publication of a Daily Weather Report (for 6 menths—
May to October—under present arrangements), taking star or sun observations fur
time determination, rating a large number of chronometers be'onging to the Roval
Indian Marine and the Royal Navy, directing the local time-ball service for the
harbour and collecting extract; from weather logs of ships. All these were satis-
factorily carried out during the year; about 60 chronometers were rated and
issued, and 950 weather logs from ahips were collected. Some headway was made
in preparing hourly normals of meteorological elements based on data for 1546-1920.

The Alibag Mazmetic Observatory, where the leaky condition of the roof was
eausing great anviety last year, was fully overhauled at a cost of over Rs 7,000
befury the monscon rains of 1924 began.
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33, Caleutia, Alipore—In addition to the issue of the Daily Weather Repord
{or northeast India, the Calcutta office and observatory have the important duties
of supplying all the Indian observatories with instruments and stores, keeping &
stock of tested instruments, checking and computing a portion of the data accumu-
Jated from observatories, supplying mean local time to the Port of Calcuita and
by wireless to shipping at sea; distributing the departmental publications and
attending to some of the routine correspondence of the department as a whole.

84. The insistent protests {rom the commercial public of Calcutta led to the
restoration of the Daily Weather Report to its pre-retrenchment form from the 7th
April 1924, with resumption of continuous publication throughout the year. A
new system of issuing early weather informatio_n by telephone was introduced from
19th July 1924 for subscribers to this local service, In connection with the warning
gervice, for storms at sen it had been found necessary for Simla, when the work is
done, to keep Calcutta observatory informed on ‘all special observations received,
by sending coded messages to communicate their substance. This arrangement,
however, was not found fully satistattory, and it was subsequently decided that the
Calcutta office should receive duplicate telegrams of all special observations direct
from the observatories, and be thus enabled to supply the public fairly ra;idly
with the latest information about storms or disturbed weather.

35, The determination of time from transit circle observations of stars
improved considerably during the year. In April the times of transmission of the
wireless time-signals were changed from 7 A, and 7 e, ([.S.T.).to 2 p.M,
and 10 p., (I 8. T.) ; the electric diffuser was generally used for this transmission.

" 36. The Meteorologist, as & member of the North Bengal Flood Enquiry
Committee, undertook the preparation of statistics on rainfall from data of the
period 1870 to 1921, obtained from various sources. A fairly exhaustive piece of
work on excessive rainfall and its relation to floods was carried through and a report
submitted to the Government of Bengal in January 1925,

37. Madras.—The most important routine work, the supply of time to the
local shipping and the whole country generally was carried on well. The'issue of
the Daily Weather Report wes limited as in the previous year, to the 9 months
from April to December. -

38, Kodaikanal.—The Director of the Solar Physics Observatory published a
report on the astronomical work of 1924. The collection of spectroheliograms from
other observatories, for days on which complete observations at Kodaikanal were

impossible, continued as a part of the programme of the International Astronomical
Union.

39. Agra—The Aerological Observatory continugd its most important and
fruitful activities. A full report may be found on page 28.

40. Other Observatories.—A number - of observatories keep continuous instru-
mental records of certain meteorogical elements ; 6 stations record wind by Beckley
anemographs, 4 by Dines’ anemograph, 6 record hours of sunshine, 15 deal with
air pressure, 7 with air temperature, 9 with terrestrial radiation, 2 with under-
ground temperatures, and 1 with solar radiation.

41. Of the purely meteorological observatories under the department’s care 47
were non-departmental and 214 were maintained by the Government of India;
these include stations as far afield as Tehran, Kashgar, Aden and Seychelles,
According to the classification given in the report for 1918-19, the departmental
observateries consisted this year of b of the first claass, 180 of the third class, 6 of
the fourth class and 23 of the fifth class. The maintenance of these observatories
the supply to them of tested instruments, and the careful scrutiny of their obser-
vations naturally entail much work of a routine character at headquarters, " The
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correctness of okservations deperds upon the contimuamce of good exposure snd
good condition of instruments at obrervatories, and upon the accaracy of madirg
by observers. The former point can only be ensured by visits of inspection by
trained officers. The latter point can to some extent be estimated st .
from the number of Mistakes detected in the data for the Indian Daily Weather
Report. The stations of great reliability in which no mistake or at moet one
bas been detected, numbered 32 and the number at which more than 50 mistakes
were made was 5. The average number of mistakes during the year at the remaining
stations was 10
Inspection of Obsercatories.

42, One of the esscntials for continued accrracy of meteorological obssrvatione
is frequent inspection of observatories. This feature had been neziected for many
years owing either to want of funds or to inadequate staff : but 8 marked mprove-
ment had taken place during 1923-24 with the inspection of about %0 obeerva-
tories, chiefly those on the coast iines between Rangoon and Karachi Durrcz
1924-25 the previous yeatr’s record was maictained, thanks to sufficient travellirz
grants, and 80 observatories from the western frontier to Burira, and 8 m scuth
India, = were inspected by Meteornlogists and others. The Director-Generai
visited the principal observatories at Bombay, Agra and Alipore (Calemtta).

MariNe METEOROGLOGY.

43. Wireless weather messages from ships at sea, and extracts from weather
logs of sh’ps calling st the prineipal ports on the Indian seaboard, are the chief sources
of marine data collected by the department.

44. The object of the system of radio-messages from akips is mainly to sapple-
ment the coast observations in eyclone-warning work. In the absence of observa-
tions from sea areas it is not always easy to drew correct conclusions albout the
position, movement and intensity of storms; this is the case pssticularly with
disturbances in the Arabian Ses for which inferences had m the past to be drzwn
from very insufficient observaiions from the west coast line of India. The system of
wireless ‘weather messages which was sterted in 1914, but which was necesarity
suspended during the war, wos resumed i 1921. It showed improvement over
preceding years durirg the year urder report : thus the number of ships * messzcves
from the Bay and the Arsbian Sea totailed 3,633, in compericon with 2,237 in the
previous year and 956 in 1921-22. The department gratefully acknowledges the
assistance given by commanders of skips whe took part in this service, and wounid
especially mention the following steamers from whom more than 20 weather messages
were received during the year.

88. dngora .. 104 , 88. Ethiopia .. 48 88. Nawdb -
,» drankols .. 69 ,, Ellora .o 53, Nurjhosn ..
»» Begum .. 61, Egra «.-105 - ,, Ormara .

» Badarpur .. 77 ,, Goalpara .. 90 ,, Oma
» City of London 55 ,, Havildar .. 48 ,, Pasha
RIMS. Clive .. 103 ,, Manipur .. 63 ,, Shahjehan
8.8. Chindwara .. 44 ,, Makaraja .. 175 ,, Skakxoda
» Chyebassa .. 53 ,, Namsang . 43 ,, Varsors .
» Waralda ..
This is & gratifying increase, but even yet the department’s warning officers
quently lack, at eritical times, ships’ observations from the vicinity of a storm at sm
and find themselves compelled to draw their inferences and base their broadcast mes-
sages on coast observations alone. It is hoped that as more ships come to
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co-operate with the warning service the number of euch occasions" will steadily
diminish. It would be most helpful if co operating captsins would induce others
to take a share in this service of information from sea,

45 The Madras-Rangoon mail boats were provided with two good ba.rographs,
in accordance with the policy of issuing instruments on Joan to ships’ commanders.
The results have been satisfactory and this policy if extended, would certainly be.
fruitful in increasing & knowledge of the meteorclogy of the Indian Seas ; butlack of
sufficient gazetted staff does not at presentallow of an extension in this direction,

46. Apart from ships’ wireless messages, an important source of data is the log
extracts taken by clerks in Calcutta and Bombay. In this connection a new opening
was created in Rangoon, where, through the helpfulness of the Port authorities; the
observers of the Time-Ball and Tidal observatory of the Port Commissioners are
entrusted with the collection of ships’ data. Occasionally, in special cases, logs
of steamers with experience of disturbed weather are collectod at Madras ; and the
Colombo Port authorities also help us similarly whenever requwhed A total of
over 2,000 logs was recorded at the end of the year.

The data thus obtained are entered on charts of dlsturba.ncw in the Bay of
Bengal and the Arabian Sea, and kept for reference in the storm-warning work of the
department, and in drawing up an account of the s8rms of the year for publication
in the India Weather Review {Annual Summary).

An atlas of Storm Tracks in the Bay of Bengal during the period 1891 to 1923 was
prepared, and was on the point of publication at the end of the year.

RaINFALL REGISTRATION.

47, The registration of rainfall in Ind‘a has always been carried out under the
control of provincial authorities, In 1889 a uniform system was introduced by the
Government of India, and the Director-General of Observatories was made consulting
officer in connection with this work. His advice is sought regarding the starting of
new rain-gauge stetions, and he receives annusl reports upon the efficiency of the
work from the local controlling officers, who are in most of the provinces the Directors
of Agriculture or of Land Records.

48. The following is'a statcment of the number of raingauge stations, totalling

nearly 3,000, which supply data for publication in the “ Rainfall of Indis >’ as they
stood in January 1925 :—

-

31

Number Numbeor

Province. of Province, of -
atations, statjons,
Burma .. . . . 240 | Baluchistan . . %
Assam .. .. ae - 125 | Sind .. - " 14
Bengal .. . O 251 | Rajputana ., . . 145
Bihar and Orissa ve . 316 | Bombay . . . 274
Tnited Provinces, . e 276 | Centrallndia ...  ,. ... 85
Punjab ., o .. . ‘101 | Central Provinces . .. -183
Kashmir - . .o 41 | Hyderabad .. va . 18
Nortb-West Froatier Province . 33 | Mrysore (excluding raingauges in 1
Mmdt:luu]z.in.cluding Foudatory atates) 524
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49. In 1920 the necessity of frequent inspections of raingauges was brmglt to
the notice of the officers in charge of rainfall registration, and subssquent reporias
bave shown a decided improvement in this respect.

The following notes are based on the reports for 1924-25 of these officers :—

Burma.—There were 241 atations ss agninat 239 laxt year ; 18 yere metanmingical sbaerr storien,
80 under the Public Works Department, 2 belonging to the Agricultaral Departmwnt sud tas mas
ander the supervision of civil officers, 217 Faingauyes were inapected s sZaimet 199 m the perrrae
year, out of which almost sl] were reported to be in good condition ; the main defects were, ap mmal,
nearness to buildings and trees.

Assam.—There were 125 stations at the end of the year. The number of rainganges inwperted »va
114, agninat 105 in the preceding yesr. The districts are generally well equipped with rasgang-e
and their accessories,

Bengal—The nomber of mingauges at the end of the year was 251. The gumnber of statices
Inspected was 197 sa ngoinst 202 in the pneeding_yur. The condition of the raingzogrs ia the prormey
is reported to be good on the whole, defects pointed cut by inspecting officers being remedind Yery
promptly.

Bikar and Orissa.~There were 318 raingaoges (including 30 in the Feudatory and Tributery
Mahals of Orissa) out of which 256 were inspected.

United Provinces.—~There were 266 rain-reporting stations, including the meteorological observa-
torice, an ngninst 288 1ast yesr. Out of 270 stations mnder District and Canal Officers 78 per cont.
were inspected during the year as compared with 75 per cent. in the previous year

The Punjab.—There were 191 raingauge stations at the end of the year 1924 s sgainst 150 in the
previous year. Of these 130 gauges @ere inspected during the year 1924,

" North-West Frontier Province.—Thare were 34 maingauges : out of thess 3 were inmperted xnd
reported to be in good working order, exce_t that st Kohat with regard to which necessary action
was being taken,

Baluchirtan,—There were 79 raingasuces as in the previous yesr in addition to 9 meteormiogical
obeervatorien, FEighteen raingauges in charge of Civil Department were inspected by District (rScrrs,
while the railway rsingauges were frequently inspected by the officers of the mailway deparzment.

.—Thero were 277 stations in the Presidency proper of which 242 were inspected ss 3d2onss
237 in the previous year ; while cut of the 81 raingauges in the Indian States £0 were inspected.  In che
previous year there were 54 inspections of raingauges in the States : the decrease is doe to the trum-
ference of the gauges in Cutch and Kathiawarto the control of the Government of India. The main-
tenance of the rainfail registration system was quite satisiactory.

Rajputena,—Reports on the rainfall registmtion were recrived from all the Staten. Tn »ll there
were 326 raingauge stations, cut of which 290 were inspected as against 308 last year. .

Ceniral India.—Reports on the rainfall registration were received from almost all the States
in the Centml India Agency with the exception of Indore.

There were 148 raingauges in all the Statzs and Agencies, out of which 142 stations were inspected
a8 ogainst 139 last year. The condition reported was on the whole govod.

Jammu and Kashmir State.—There were 1 stations sltogether. out of which § are meteorolrieal
obsorvatories. The number of raingauge stations inspectad during the year was 21 against 15 ‘aet year.
** Every endeavour ia being made to have all the mingauges inspected at least once & yrar™

Central Provinces.—The number of mingauges in the Central Provinces was 125 and those in
Berar 43, the number of inspections in the former being 309 and in the latter 115 sgainst 292 and 97
respectively in the previous year,

Hyderabad.—No report has boen received.

Mysore.—The number of raingauge stations remained unchanged, ie., 226, Of these 73 are at
district and taluk headquarters and the reet in villages. 203 stations were inspected in 1924-235 a8
compared with 106 in the previous year; no less than 117 stations were inspected mote than once,

Coorg—7 out of the 10 rningnugamimpoctedlndfound.to be in good arder.

Madras.—Thero were 402 raingauge stations in the Madras Presidency and feodatorv states
8lat March 1925, The number of stations inspected during the year was 470. The condition of l:

raingnugos was generally good,

A general roview of the report shows the satisfactory fact that in practicaly all
the divisions over 75 per cent. of the raingauges were inspected, while in some the
percentage was as high as 90. )

. b0. Heavy Rainfall Reports.—Heavy rainfall is occasionally 2o very local that
small areas can have as much as 10” of rain without the Daily Weather Report
conveying the least suggestion of it. With a view to have such useful data promptly
svailable for the Daily Weather Report it was arranged in 1921, with the approval
of the Government of India, that reports of 5 inches or mare of rainfall should be
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telegraphed to Simla from raingauge stations at district headquarterg throughout

the country. The number of such telegrams was 180 during 1924-25 88 compared
with 218 in the previous year.

Snowfall Registration in the Mountain Districts to the North and West of India,

51, Information as to the amount, distribution and time of oceurrence of the
snowfall in the Himalayan and Afghan mountsin areas was on the whole tolerably
complete, and the thanks of the department are due to the various officers who
collected and forwarded it. :

SEISMOLOGICAL OBSERVATIONS,

52. Seismological observations were recorded throughout the year by two
Omori-Ewing seismographs at Simla, two at Calcutta and one at Bombay, and a
Milne seismograph at Kodaikansl, At Bombay (Colabs) the new Milne-Shaw
machine has worked excellently since its installation in 1922-23 and the Meteorolo-
gist there has undertaken a study of the microseisms that appear just before the
setting in of the monsoon. All the seismic data collected at these places are sent to .
the Seismological Commitiee of the Britizh Association.

Tve S1GNALS.

53. The observatories at Madras, Calcutta and Bombay determine time from
star and sun observations and communicate it to the local ports by time-ball signals,
The distribution of time over the country generally is made from the Madras
QObservatory by a signal transmitted daily at 16 hours I. S. T. over the Indian tele-
graph system; ‘considerable errors are inevitably introduced into the signal ab
stations where retransmission is effected by hand. A wireless time signal for the
use of ships was broadcasted automatically twice daily from the Alipore Observa-
tory at 2 .M. and 10 .. I. 8, T. through the Calcntts radio station.

A wirelessreceiver was put up at the Bombay Observatory and was nsed regu-
larly from November 1924 for a comparison of the local time determination with
the time signals transmitted ftom Caleutta, Eiffel Tower and Nauen.

The time work was satisfactory throughont the year.

PUBLICATIONS AND LIBRARY.

54. The routine publications of the depiilr.tments are mentioned in the Adminis-
tration Report for 1922-23. The Calcutta Daily Weather Report was restored to its
original form from the 7th April 1924.

The Daily Weather Telegram was despatched to subseribers daily about noon,
and the weekly rainfall summary was supplied to the Gazette of Indis. The Weekly
Weather Report, containing matter similar to the Weekly Summary published in

the Gazette of India, was published during the monsoon period, and supplied to about
75 subscribers and also to the Press.

The quinquennial volume for 1916-20 of the Bombay Observntory was sent fo
press and was about to issue at the end of the year. The Annual Volume for 1921

was also sent to press, while the manuscripts for the Annual Volume for 1922 were
almost Teady for printing.

Orders were received about the abolition of the free exchange of publications
between the department and officials of provincial Governments from the next
official year and appreciable reduction of the distribution lists was accordingly
anticipated. The number of institutions ete., on the distribution lists of the depart-
ment was 410 at the end of the year.

M188DGof Ob
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The following memoirs of the Indian Meteorological Department weze pablished
during the year :— -

Volume XXIII, Part VIII, “ Frequency of heavy rain in India,” by
Gilbert T. Walker.

Volume XXIV, Part IX. * Correlation in seasonal variations of weather, 1X,
A further study of world-weather ”, by 8ir Gilbert T. Walker.
Volume XXIV, Part X, “ Corzelation in seasonal variations of weather, X,

Applications to seasonal forecasting in India”, by Sir Gilbert T.
Walker.

56, Books, periodicals and pamphlets, either purchased or received as presen-
tation copies in the department’s libraries at Bimla and Calcutts during the year
numbered 779. In the library at headquarters the longstanding arrears m clamsifi-
cation were cleared up, and in addition 178 current books and pamphlets and 52
pericdicals and publications containing data were catalogued and indexed.

CoxcLuping REMaARkS.

" 56. The Meteorological Department owes s large part of its usefulness to the
sympathetic assistance it receives from other departments. Civil Surgeons and
other officers of Government departments, as honorary superintendents of observa-
tories and in other capacities, help in the meteorological work ; the Posts and Tele-
graphs Department assists in the rapid transmission of meteorological information ;
at the same time they allow their employees to act as observers. The Indo-Earopean
Telegraph Department, also, by giving free transit to the daily messages from the
Persian observatories, places a large amount of most useful information at the dis-
pozal of the Meteorological Department. Weekly telegrams are received from April
to September from the Director, Royal Alfred Observatory, Maaritius, and from
April to October from the departmental observatories at Zanzibar and Seychelles.
These telegrams give valuable information of the weather conditions in the Indian
Ocean,.ar.ld the department is indebted to the officers indicated for the punctnal
transmission of the information. Thanks are due to the Director of the Royal
Alfred Observatory also for his courtesy in placing the metearological data of that
observatory at our disposal,

The department is greatly indebted for important information on meteorologjcal
conditions prevailing before and during the south-west monsoon to the Con-
trolier, Phygncal Department; Cairo ; the Directors of the Observatories at Bu
Ayres’ Santiago and Batavia; the Astronomer Royal, Cape Town: Direc-
tor, L Observatpire Physique Central, Leningrad ; the Secretary, Friends’ Indnstrial
Mission, Banani Pemba, Zanzibar ; the Principal Medical Officer, Tanganyvika Tern-
tory, Da-r-ee-SaI_aam; the Commonwealth Meteorologist, Melbourne; Director of
Agncultun_a, Salisbury, Rhodesia ; Chief of the Weather Burean, Washington ; and
to the various officers around the Indian frontiers who have collected and supplied
valuable snowfall information.

The thanks of the Department are due to Mr. A. J. Bamford, Superintendent
9f C‘olombq Obse_rvatory, for the very useful help he has rendered from time to time
in connection with storm warning work. The department is also grateful to the
Dl;ector, Koninklijk Magnetisch en Meteorologisch Observatorium, Batavia, Java
g’ o has arranged for ‘taking and telegraphing to Simla daily observations from

abt.mg in Sumatra during the cyclone months April, May and October to December.

Sivwa ; J. H. FIELD,

The I2th August 1925. Drrector-General of Observatonics.
M186DGo{Ot—400—4-9-2L—G1IS
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