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THE COLOMBO OBSERVATORY. Joatii'

Seismological
Centre

REPORT OF THE SUPERINTENDENT OF THE OBSERVATORY.

A :;iﬁ‘:allr Harold Jameson, B.Sc., proceeded on vacation leave on May 2, and was away for the

Inevitably the absence of this capable and energetic officer restricted Mr. Evans and mvself t
routine work to a rather greater degree than in the previ%us year, and this tendency was emphasiged stiﬁ
more during the last t.h}'ec_lu011ths of the year when, owing to the sudden illness of another officer, T was
called upon Ta.t_ the beginning of October to take up duties, at two days’ notice, as acting Professor of
Physics at University College in addition to my Observatory work. :

During Mr. Jameson’s absence Mr. P. Felix Fernando, Third Grade Surveyor, has been attached
to the _Ohservatory for duties in connection with the upper air work, and has done a good deal of useful
observing.

A proposal to strengthen the staff by the appointment of locally recruited junior technical officers,
which has been made for several years in succession, has now been agreed to by Government, and applica-
tions for these posts were called for at the beginning of the 1923-1924 financial year. The board of
selectors have had over 180 applications to consider, from which to fill the three new posts. The new
assistants have not yet assumed duties, but it is anticipated they will do so early in 1924.

No change was made during the year in the clerical staff.

Buwildings and Compound.—No appreciable additions were made during the year, and the lack
of floor space is still a distinct disadvantage. There is, however, a prospect of improvement in this
respect early next year, when the departure of the Trigonometrical Branch to Diyatalawa will leave the

room it now occupies free for Observatory purposes.

ASTRONOMICAL KEQUIPMENT AND WORK.

T'ransit Instruments.—The Cooke Transit (4-inch object glass) has been in regular use throughout
the year and has given very satistactory results. In all 664 stars were observed on 106 days, of which
493 stars on 61 days were in the evening, or early part of the night, and the remainder in the early morning.
During a good deal of the year at Colombo the evenings are far more overcast than the early mornings,
so that the latter group of observations, though less complete than those of the evening ones that were
made under good conditions, were often of primary importance for clock rates, since they were made on

days when no stars whatever could be seen between dusk and midnight.
A normal evening observation in fine weather has consisted of four stars and at least two pairs

of level readings on each face. The collimation has not shown any appreciable variation, except in cases

where the object glass has been intentionally removed for cleaning,

The total movement of the level throughout the year has corresponded to a continuous slight
settlement of the west end of the pillar, and has twice been corrected by means of the base levelling
SCTews.

The azimuth error has required very little adjustment—the only appreciable alteration was
corrected in September after repairs to the roof of the transit room had been carried out, and so provided
a certain amount of excuse for the alteration that had occurred. The most interesting fact in this
connection is the consistent difference between the azimuth errors in the two positions of the circle,
a difference which is almost identical with the differences in observed level due to pivot error, and hence
almost certainly due to the same cause. It is readily explained if we consider that the slope in the jaws
of the bearings, instead of being evenly distributed between the two sides, 18 mainly accounted for on
one side alone. |

The small Gautier instrument continues to be in place as a stand-by, but has not been called upon
to an appreciable extent.

The Coudé type Gautie
though there is always the chance
into use again, not so much as an instrument - |
other transit for the analysis of certain questions of flexure.

Observatory Clocks.—Fournier Sidereal Clock No. 72 (Invar) has continued to be the most reliable

clock in the building.
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faximum rate occurs a little ahead of the south-west monsoon it does not coincide with the period ot
maximum temperature. 1In fact, during what may be called steady south-west monsoon conditions **
the clock appears to be changing rate most rapidly. Several explanations are possible, b
most of them seem too farfetched to be quoted with confidence.

~ Fournier Sidereal No. 70 (mercury in steel) has continued to be in use, but is appriatly moje
erratic than No. 72. nternational

_Dent- No. 45,082 has been the standard mean time clock, and used for ordinary time ball pheposedogical
for which it has proved quite satisfactory. A comparison between its rate and that of the sGamnised
Sl?f‘l‘?:‘ﬂ clock would clearly he unfair, as the mean time clock is subject to daily adjustment by the
solenoid.

The new mean time clock indented for to take the place of the Borrel mean time clock which was
condemned last year has not yet arrived.

The electric synchronome clock and its dials have continued to he thoroughly useful, though not
possessing quite the same accuracy as the main astronomical clocks. A useful addition to this clock
has been a contact by which the hourly marks on the selsmograph are controlled by it.

I'vme Signals.—The arrangements for these were similar to last year. 'The most important were
those that released the harbour time hall at 9 a.m., ] P.M., and 4 p.M., Ceylon standard time (7.e., 154, 191,
and 22} Greenwich mean time) on ordinary days, and at 9 A.m. only on Sundays and public hofidayﬂ.
Ten failures occurred during the year, which works out to about 1 per cent. In one case only the failure
might have been avoided at the Observatory, and in one mechanical trouble with the ball itself was
reported, but in most of these cases the trouble appears to have been in the electric connections or lines,
and I am glad to express my thanks once again to the Telegraph Department for the prompt way in which
all telephonic reports of time ball failures were acted upon—the fact that no two failures were consecutive
proves that whatever troubles occurred were located and corrected before the next signal was due.

The synchronizing signal to the Central Telegraph Office, Queen’s House, and the Surveyor-
(zeneral’s Office (in series) was sent at 7.55 and 15.55 on ordinary days, and in the morning only on
Sundays and public holidays. A few isolated cases of failures were reported, but on only one occasion
were two failures consecutive.

The clock in the lighthouse at the corner of Queen and Chatham streets received a daily signal
in series with the 9 A.m. time ball. The normal amount of setting done by the synchronizer was about
10 seconds. The clock has continued to justify the rather drastic overhauling it received from
Mr. McFadyen in 1921 and the attention it has received since from Mr. K. D. Willie.

A daily signal sent to the Wireless Telegraph Station in the early part of the year has been
discontinued pending the completion of various improvements there, after which it is anticipated that
the wireless time signal recommended by the Port Commission, and referred to in last year’s report,
will materialize.

The number of people who rang up the Observatory to ask for the correct time has increased
enormously during the past few years, and early in 1923 had reached such an amount as to interfere
seriously with the normal work of the place. As the bulk of these queries were for the purpose of
setting ordinary office clocks, not chronometers, a standard of accuracy up to fractions of a second was
not required, and an arrangement has now been made with the Superintendent of Telegraph Traffic, as
a result of which such queries are now dealt with by the Telephone Exchange. Queries involving more

precise setting for chronometers are of course still sent on to the Observatory.

METEOROLOGICAL EQUIPMENT AND WORK.

(utstations.—The number of outstations has remained unchanged. A new shed was built at
Halkgala, where the old one is appreciably sheltered and its readings consequently not strictly comparable
with those at other stations. The readings at Hakgala have recently assumed increased importance
owing to the way in which increased temperatures there, and at Nuwara Eliva, have been found to
correlate with the advent of bad weather from the eastward, particularly during the north-east monsoon.
(This fact is one of peculiar interest when considered in connec‘f:-ion with Professor Bjerknes’ work on the
structure of cyclones in the temperate zone.) Instruments will be read for the present in both the old
and new sheds at this station for the purpose of connecting the new shed with the averages from the

old one.
All the sheds were inspected by members of the Observatory staff, and the methods of checking, &ec.,

at Colombo have been similar to those employed last year in essentials.

In several cases the services of volunteer observers have been gratefullv accepted for other meteoro-
logical observations in addition to those of rainfall. The instruments so issued include a sunshine
recorder to Mr. Le Feuvre at Balmoral, and anemometers and wind vanes to Messrs. H. S. Popham (Hope)
and R. N. Searancke (Beverley). 1 am also indebted to Mr. A. G. D. Bagot, who has kindly sent me

harograph records from Goatfell (Rangalla). ) i)
| During 1923 seven clerks of the Survey Department and one lighthouse-keeper (for Minicoy)

attended the Observatory for instruction in meteorological work.

Thermometer Screens.—An interesting experiment was commenced at Colombo in April by the
establishment of a louvred thermometer screen alongside t_he main nmteorolﬁgu:_aal shed. The screen can
be roughly described as an enlarged Stevenson screen, and 1t was set up as the direct result of my reading
Mr. Field’s paper on the exposure of thermometers in India. (,lf-’-g rly SPC]] screens would be less expensive
to maintain than the present sheds, but only direct experiments in Ceylon can show whether they will

give results in this country that are meteorologically comparable with those from the open sheds.
During the south-west monsoon the differences between readings in the shed and in the screen

were in general less than a degree Fahrenheit—the minimum _readings at night have given quite small
differences (i.e., of the order of 0:1° F.), but the figures for maximum suggest that the screen gives rather

ceuet! =iy oy
more protection from sunlight and so approaches more to * indoor condilt-mns: s 1 Sl
A change in the differences after the collapse of the south-west monsoon was only to be expected,

one obvious difference in the case of the screen being that during the morning, and up to the time of
maximum, air entering the screen from the west would come between slats that were in s_hade} and S0
might be expected to be cooler than air entering from the east (or north) between slats on which the sun’s
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rays were falling directly. On this basis it might be expected th :
e . .- ' o ; . at th 0 .
results in the south-west-motibcon thas i the llorthiast e screen would give relatively cooler

: | but the observat h
difference *“ reading in shed minus reading in sc : rvations have shown that the
i reell has &IWR . 'l .
north-east than the south-west. ys been positive, and more so duri

4 It may be added that the thermometers
I5th of each month ; any residual error arisin
should thus have been eliminated.

In the sereen and the shed have been interchanggd

g from inaccuracy in the instruments’ index cotr 10f$ternational

Instruments.—Reference was made in last ’ : Seismological
gl year s report to the fact that in the new standa
barometer, Casella No. 2,592, a group of mercury globules appeared on the inside of the tube above tg;entre

main column, within a month of the instruments being set up, and also to the fact that these bubbles

vigex_-% :::?lqn began t(l}l coalesgie. ar:ld in ;m}n}e cases the larger ones fell back to the main column During
2 IS process has continued, and there has been a steady decrease in the -

. . he number of the bubbles

;hilmlgl}out tl}e gre-*la(ulter part qflt.he year. On December 19, 1923, the number of bubbles visible was four,

ﬁ:- sha; nz;; as O::c:clﬁ : ;E;&lii;l nft}g:;é th% deglbe&ﬁe had been continuous, unchecked by the appearance of a

: ember 20, however, the number had gone up to eleven, so that this
appearance of new bubbles occurred at about the same time g | siti

: g 1 : of year as the original crop. The position

of windows is such that direct sunlight could not get to the instrument, and t.hgel: most sfriking vg,ri&tion

fr_'om normal of the night of December 19-20 was its unusual windiness. Temperatures were low at this
time, but more so just after the appearance of the globules than before.

All the 011_1:5tati0n bm:ometers were re-standardized during the year in terms of No. 2,592, and in
the tables for 1923 the new index corrections are adopted from January 1.

Rain Gauge Sfarions.——'ljhe number of these has gone up to 314, as against 305 at the end of 1922,
the actual number of new stations being eleven, while two have been struck off. Of the new stations,
three are under the Irrigation Department and one under the Agricultural Department, while seven are
{fpt b{L??(llunctleTr)og?,ervers 0}1; estates, namely, Messrs. P. F. Fernando (Dewale and Seeranga), L. B.
Moore (Liddesdale), Sirtmane (Bogahagoda), S. B. Smith (Blackwood), B. H. S. Steph
and R. G. Wilson (Meddegodda). | ) L e

Once again I am glad to avail myself of this opportunity of thanking observers, both new and old,
volunteer and official (which often means volunteer so far as rain gauge returns are concerned), for the
help they have given in keeping these statistics.

‘U pper Aiwr Work.—Considerable strides had been made in 1922, largely on account of the
exceptional ability shown by Mr. Jameson, both in actual field work and in evolving labour-saving
devices to expedite the calculations.

In the early part of 1923 the procedure of three flights every third day was adhered to, but during
the south-west monsoon, when flights were necessarily short, this was modified to two flights a day,
on at least five days a week. The total number of flights observed was 437, or rather more than in 1922,
but, on the other hand, it must be admitted that observations of cloud drift suffered sadly owing to
Mr. Jameson’s absence.

The arrangements for filling balloons were improved slightly by fixing a permanent pipe through
the wall of one of the outbuildings, so that the present procedure is to have the generator and its attendant
fumes outside the building, and to lead the gas through about 6 feet of piping to the drying bottle and
balloon which are kept inside. In observing, the tail method has been adhered to, and the proportion
of bursts before the balloon has been lost sight of in cloud has been appreciably less than last year.

The institution of a reward of Re. 1 for returned tails has been claimed forty times, or rather less
than 10 per cent. of the total flights. Considering the number that must inevitably come down at sea the
proportion is not unreasonable, and may be expected to increase as villagers in the districts most concerned
get to know of the possibility of earning a rather cheap rupee. The furthest point from which a tail has
been returned is Madulsima, where a ballogn was picked up on February 10 at a distance of 150 kilometres
(over 90 miles) from its point of release.

During the periods for international co-operation, viz., June 12-14 and October 15-20, flights
were not only taken at Colombo, but also at Diyatalawa. In both cases Mr. P. Felix Fernando acted as
the observer at Diyatalawa, while Mr. G. G. Perera, the meteorological observer at Diyatalawa, assisted

as booker.
The computing cards constructed by Mr. Jameson have been used consistently, and have shown

that they can give good results in the hands of others besides the original designer.

Storm Warnings.—Extra observations were sent to India from Colombo, Hambantota, and
Trincomalee on 19, 5, and 21 occasions, respectively. In addition, there has been an increase in the
number of upper air flights, whose results have been wired to India, and in the number of telegrams in
which information was volunteered irrespective of inquiries from India on account of suspicious conditions

observed round Ceylon. |
Publications.—Routine publications were similar to last year, and included daily reports to the

“ Post Office Daily List " and the local newspapers, and monthly summaries in the Government Gazette

and * Tropical Agriculturist ™’ (the latter being also given to the newspapers).

. . o) e  frey e 3 . . 22'
The annual report for 1922 appeared a good deal earlier in 1923 than 1ts predecessor did in 19

Bulletin No. 5, which deals with the “ Upper Air Work at Colombo,” up to and including th‘e earl};p%r’f
of 1923, is now with the Government Printer, while a paper on ** Cyclonic Movements over Ceylon =~ was
printed under the wgis of the Ceylon Engineering Association. | i e
Visitors.—The Observatory again benefited during this year by its position at a Pog Dfld
Among the scientific visitors that we had the pleasure of seeing in 1923 were Mr. and Mrs. J : “‘h tfa’ﬁh
late of Kodaikanal Observatory ; Mr. A. Walter of the Royal Alfred Observatory, Mauritius ; V. 5

laus Goreynsky of Warsaw ; and Mr. B. Kvans of Hong Kong, all of whom were in transit rto or Uir[?eﬁ
their respective O hservatories, also Mr. W. Watt of the London Meteorological Office, who was engag

in research work on H.M.S. Yarmouth. |
Seismograph.—The only noteworthy change in the apparatus was

clocks. viz., the use of the gynchronome electric c_lﬂcl{ to calibratellt.' 1 | R
’During the vear the number of shocks which have been dignified with series mi :

: “ shght tr W ) < : wistered on October 1.
from ‘‘ traces =~ and slight tremors ”’ was 85. Shock No. 1,000 was reg

the one already noted under
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| Apart from records of such notable disasters as the Japanese one of Septe -
Interesting movements recorded was on August 22, when a mgvemelzs lsccusri% tﬁlaze;tl i O:;
suddeq as to suggest the activity of an insect in the instrument case rather than the ng * :
O'f preliminary tremors, long waves, &c. This was, however, identified as due to a movehnt
Ceylon, whose effects showed on the weight barographs at both Colombo and Nuwara Eli
different extents owing to the instrument’s different orientation), and whose existence was
by a number of dead fish being washed ashore near Mullaittivy
The following is a list of shocks recorded during the year, and is an abridgement of the fuller lists
sent to the Seismological Committee, British Association. In the present list all movements whose
amplitudes were less than 0°3 mm. (which far outnumber those that reached that figure) are excluded.
A large proportion of these small tremors were, no doubt, due to loca] effects (e.g., they were noticeably
'ore common on days of heavy rain). but a few cases of genuine movement must have been cut out by
this lnm?atlon, which is inevitable in a report of this size.
Times are expressed throughout in Greenwich mean time, not in Ceylon time.
e Ad(:fit&IIEd list of shocks recorded by the Milne Seiamogra.ph (horiz(;nta-l pendulum type, set N-S)
& appended :— |
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.. Vibrations continued up to

time of change of record
at 036 on 3rd,

ontinuous small tremors,
possibly local,

.« P uncertain owing to ve
faimt movement from 3- 0

Tremors still continuing
at 0-31 on the 10th when
the film was changed,

.. Boom still vibrating at time

of change of recording

sheet at 048,

-+ Continuous series of small
movements,

(There was

not much rain during this
period, but rain preceded

it.)

.. Local

Continued up

tremors from 0-30
to 5°30, continuing slight
and mmtermittent to 11- 30,

to time of

change of record at 0- 27,

.6 ..P doubtful owing to change

of record at 0-08,

.. Vibrations continued up to

time of change of record
at 0-40.

. .Shght intermittent tremors,

probably local, before and
after this shock.

Vigorous irregular tremors,

probably local, but reach-
ing appreciable amplitude
of 0-3.
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Weather Summar :
: \ Yy of 1923.—The general summary of the )
i o8 ; : : > ge nary of the year's weathe :
with I#élsl::c:l? lzh?tllgftD Lafé‘aenalsf ' Itlll this lfliéagf]?j? 'EYPicﬂ:lstationsyare arranged l;nc ?gob::fu : Om:,dgirfd
: St on the right, while in each column movement d 18 forresncus b
movemgnt from north to south, or more precisely from north north-west to ﬂm?gln:ait bkt T
i or e?;:h sts.?tlon_a ﬁr_nl line shows the average monthly rainfalls, and its positik ' ot ‘ .
by ¢ Ifmﬂf:ﬁ;{?; ! being tinted biue. A chain line shows the actual rainfall in the sevbra Alsitedichal
JoD, eac an e | | : . . X . | TR (O
days in-LT ilhe Gt questiog_ on both the firm and chain lines give the corresponding num’%ﬂéﬂ{}rfé oglcal
; € average curves bring out several interesting points with '
7 | regard t ibuti
:'un oTe mtlng sfl)uthward down the western (left-hand colum n) the Aprilgpre-rgoglfslg:: ]:i}:?ltlel;l;at:zn‘ Ta}]m!’
2 tlsl : ??EB.Y D?{EHP “tt&llﬂm than at Mannar, and more at Kurunegala than at Puttalam_ At Kulx:a a?:
: soonal rain of June shows in a way that it does not further north, though it is ngt m;

ﬁﬁfctfeiiljlﬁfu:a; Ii;hoebngl-lli?;l;ogile rsa‘;irlé ;fl 1}1[:11;; ofAt Kandy, slightly further south, and with the assistance
i e | - st monsoon current, the June average i !
pril one, while at Colombo, still further south, but at the coast, the two effects CO%IIB;S{‘; t::‘ lgt}i:: c:':?n:: Iﬁ[

maximum in May (and incidentally much ne
'wspa \OTTe : :
formula to cover the effects of two glrtldepen dent clzlugzg)wrrta[mndence in the attempt to find a single

The next stations, Watawala and Hatt
A ’ on, show tl] ) |
& hﬂ.(}lsgl‘ ound of hills, and the April activity is almﬁn:zi’:diIvm%;lt:eﬂfilglthL b

| the south-west monsoon against
if compared to the much greater rain of

Avissawella, though : s £ e
‘e curves liesemble thosge 2?’50?31110113:]1?) (im:i'tE hlsttl-;);) ]f)al:l; -1: ue;t of the main hills to shn':v this Ill.ltit-h("ﬂiﬂr and
maximum in May. Passing further sonth. Rat . ns(ion, and monsoon, rain merging to give a
in June, though the rat; uth, napura resembles Watawala in having a maximum

I‘t'urtheg Bouihrz;?i{]:_’l ?{IJHI&E’ to April 1S not so extreme as at the up-country station.
et saone b an Colomhoe §I} (ti:'ctfi the ?hﬁls lsfurther reduced at Kalutara and Galle, which show
e Avissawella, with the maximum in May, but with decreasing

For the latter pa | » VARALIONS 3
possibly more accurately attributed to the’retreat of) tzllw r*:o)llllttlt:dnte(;tthe'll‘}mth-eutﬂt ;n'(l)c['wmn, .
that at the northern stations, Mannar and Puttalam, with very lit gl = T DG DOIUW
November is wetter than October hs ey Other!w‘ elﬁtl .,1-' ery ht.t_.le but low-country to the eastward,
fo: November sod ¢ , : g we side stations all show a fall-off from October
effect in a way thuti{:}’:: fg:ﬁgib}f; stl?elD?cemb“:’ *-0-,1“1(:}' ﬂre.sheltered from the pure north-east

y tered during the less consistent gradient of October
In the other column the most striking feature is the absence of rain of the .
Igi%it Tllllehonly bﬂtﬂti?ﬁ {-%’iit-hdan appreciable avera ge for J lliIIU 1S N:‘:::'lzl;:l Ell?}!Lu rﬁ Ei:?z-llllttlll*uTZ::k tli::::l:?:z:ltl
well have been included in the left column had space allowed. The April !i ter- :
show at all the inland stations, and particularly at the verv i ' ! PT i showers
limit of the hill-country. October slhnws as a gonsi:ﬁw:ttl? \:leltf c;:le;:;:llllg gfl{iul?' ?lf !:Lntlons at_the i
Eliya, which is really a “ west side " station. and of Diyatalawa which is 1::1 cu ﬁmfilfﬁt;ntlrn selidiiy
the east, as well as to the west and south, the stations in this mlt;mn all h]wo hi. hler rﬁi f"ﬁ !erl\%m*lmdl s
than in October, while those that are north-east of the main hills show & furti?er incr:?uf: o Danl] o
1.¢., the purer north-east monsoon effect outstrips its own commencement at Rnﬁ ﬁllu But‘tf‘ “ll' [Bun[] N
and Trincomalee in much the same way that the purer south-west effect of Juie outst 'Ilcutl?n‘ bt
and May at Watawala and Hatton. Further north and further south. where a ﬂfead pe.as ?tfm i
north-east is uninterrupted by hills, the December average drops f)elow Novembgrcurmn It rjm oy
Koslanda, and Hambantota, while January shows a further fall-off. which is more c’mf;y-l':i ail’hm,
stations than at the ones mentioned above as receiving the heaviest }uonsoon‘min 1n Deccl‘)lg be ptkaion:

Examining the curves for 1923 in detail, it will be seen that in January rainfall ﬁ'aq we[ii bov
average, particularly on the east side ; in fact, Kalutara is the only exception among the Htlati <o -m.'w
in this diagram. This heavy rainfall was attained by the help of a depression wliosegactilvitie%ﬂmi %JH UI"
with more fully in the appendix. February is normally a month of low rain‘fall but nrj qtati'mann (il ;
Trincomalee, reached even its own low average, Colombo Just escaped (by a fall of O*.Ol 1 ;; me(}pt
last day) equalling its record (in 1876) of a February with no rain whatever. wasagdy <oy

March is a month in which the ** local thunderstorm ** distribution is more to the fore than in the
typical monsoon months, and consequently the variations are more erratic. In 1923 the n(;rrt;‘n..IL
stations were all above average, as were these in the extreme south-west (e.g., Galle),while in the rema Llr,"
the offsets were small, but in both directions. | ’ AT

In April the averages are considerably higher than March, while the type is still dominantly of the
local thunderstorm variety. In April, 1923, at the extreme south-west of the Island the rainfall gf Galle
was several inches above average, and in parts of the low country of the south and west as typified by
Hambantota, Kalutara, Avissawella, and Colomho, 1923 figures were close to the avera;;e, Elﬁﬁ.‘}h”}{.
there was a marked deficit.

At the end of April and beginning of May the pressure gradient across the Island was steeper than
usual at this time of year, and as frequently happens when there is a marked depression in the middle
of the Bay of Bengal an unusually dry period occurred in Ceylon. Asa natural result very few stations
reached their average in May, 1923 ; of those shown in the diagram, Badulla is the only one that did so,
and even there the excess was very small. Hence the total from January 1 up to June 1 was below
average at most stations in the south-west quadrant of the Island, though above it in the north-eastern
areas. However, from early in June a monsoon developed that was of unusual vigour. and from June to
September, inclusive, the inland stations that present a direct face to south-west monsoonal activity were
all unusually wet. In the diagram Kandy, Watawala. Hatton, Avissawella. Ratnapura, and Nuwara
Eliya show this very clearly, while Kurunegala, Colombo, Kalutara, and Galle, though they did not
show excess in June, came under the same category from July onwards. L

Corresponding to this the stations in the upper half of the right-hand column which are on the lee
side of the Island failed to reach even their own low averages, though in the lower half of that column
the deficits were less marked, and at the extreme south Hambantota had quite a little rain in both June

and July,
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| :
vty gm“aSCt(I)bt‘r very few stations were below average, though the excesses were for the most part not
ﬂmmlntg *- 1N many areas, however,_ the effects of small excesses were greater than their numepg
: bﬁggest owing to the cumulative effect of the previous months’ heavy rain.
.. Ht engzember 1t 18 not uncommon for definite depressions to pass over Ceylon with a corresgopf
though G Doy 0111' t-h? r ainfall AVErages. Thlﬁ year such a depression did not pass over the Tqjam ' t fi |
oo eI; 8'153;?11:30 n;lglt-el;nt(_}‘r ﬁw.ru.s 13 I_t;mdince in the neighbourhood, and was responsible for cert&ignegmjolgggl
) 6.9 1C , Galle, and Hambantota, bei Il1ab verage ' s 1)
bilt ‘the. Nttions f Uis THknd ¥ise el o ng wellabove average, although a trifle more thap | .
In December rainfall was consistently in excess, general depressional activity in the neighbourhood

i):]gfglﬁn being again a fairer description than any attempt to locate a definite storm centre over the

points gli%?nrgcggﬁ ‘wi I?ft}a; vy Pf-} that has not appeared in these reports before, and brings out several
A e e e ~f92m ] llﬁr V}cgomus south-west monsoon of 1923.  Init the horizontal scale
S Dt (o o 1;111_ metres to the day, and just below the centre two curves of pressure
A5 on thé sout-h-wesi: _-f “f ':;:1 is 1111 gegeral the upper one), gives the highest pressure recorded f‘:il('-h
it et Sltrhe 0 -ttle-l sland, 1.e., at Colombo, Galle, or Ratnapura, while the other one gives
iy curvep' ‘th on the north-east side—usually at _Trmmmalee. The vertical difference between
_ S 18 thus a rough measure of the pressure gradient across the Island, which for many purposes
1s the controlling feature of monsoonal activity. d
‘station;nat:g upper part of the diagram a series of curves give the total wind movement per day at various
: : comparison of the relative amount of movement at different stations is made easy by shading
from the zero line up to these curves.
ey The sta,tlol_ls are arrzi_;nged geographically from north to south, and it will be noticed that, as might
¢ expected, an increase in gradient, as shown by the interval between the pressure curves, usually
porrespon_ds with a general increase of wind at all statious (e.g., in the latter part of Apr{l). However,
if we consider the cross section of Ceylon from north-west to south-east or north north-west to south south-
east, 2.e., at right angles to the general line of advance of the monsoon wind, it will be seen that Colombo,
though at sea level itself and with no direct shielding south-west of it, is in the line of advance that passes
through the main hills, but the lines of monsoon advance that pass through Trincomalee and Galle will
S]{lrt the shoulders of the main hill-country on opposite sides, while if we move further outwards the
lines through Mannar and Hambantota will pass over less in the way of land obstruction, and
those through Jaffna and Little Basses Lighthouse through less still. If, then, we consider the
monsoonal effect at any point on the surface as due to a main drift, retarded by the frictional
effect that the stream line through that particular place undergoes, we might expect that all
stations would show response to fluctuations in the main drift—of which the pressure gradient
would give some indication—and that a station like Colombo, though on the windward side of
the hills, would show considerable retardation. due to the hills, but that as we move outwards
perpendicularly to the line of main advance, we should get a continuous fall-off in the frictional
effect, and a corresponding rise in the surface wind velocity as we get to places, either north or south,
which are such that the stream lines of monsoonal advance through them will meet with very little
obstruction in the way of hills, &c. This expectation is fully brought out by Diagram 6. The velocities
at Jaffna (extreme north) and Little Basses (off the coast, south-east) are easily the highest. and oi these,
Little Basses is the higher, which is a natural result when we examine the maps in Diagrams 1 to 4, and
see that the course of a south-west or west south-west wind at the Basses is chiefly over the sea, while a
stream line through Jaffna has at least the friction of the flat Jaffna peninsula to check it. Dotted
curves on the same axis as those of Jaffna and Little Basses give the velocities at Mannar and Hamban-
tota. which under steady south-west monsoon conditions are considerable, but less than those at the former

stations.
Moving further inwards to Trincomalee and Galle, it will be seen that the velocitics are markedly

below those at Jaffna and Little Basses, and, in general, though by no means always, below those at
Mannar and Hambantota, but they are consistently above those at Colombo. If, then, we confine our
attention to the main features, we have a striking example of the increase in frictional effect and corre-
sponding decrease in wind velocity as we move from Jaffna to the line of the central hills, and the reverse
processes as we move on outwards again towards the south-east, bpt there are sev.eml minor points }hat
will repay closer inspection. The diagram has been extended to include the periods of slack gradient,
both before and after the main monsoon gradient, so that the full life-history of the monsoon can be
traced, which can best be done in conjunction with rainfall statisties given in the lower part of the diagram
for thirteen stations in the south-west quadrant of the Island. These are arranged, roughly, downward
and southward, commencing with Nuwara Eliya at 6,000 feet above mean sea level, which may be
described as in the centre of the Island, and ending Wl*th Galle at sea level in the ‘extreme south-west.
Below this a further note is made from the island of Minicoy over 400 miles west of Ceylon. S
At the beginning of April it will be seen that the pressure was very uniform and the wind Vt’:‘lfj{tl'tlﬁ‘-t
all stations low. What little wind there was came largely as the result of sea breeze effect. Such
bly be explained as due to the immediate local surroundings of the
instruments. Thus, quite apart from the questiou_Of the geographical dlStrlhutlt'}P of ﬂ‘tatl(}ﬂj‘? relative
to the general shape of the Island, the Trincomalee instrument on the top of Fort Frederick has a rather

‘ ' ' ' S ) | SETV? hantota,
more open site as regards immediate environment than the ones at Colombo Observatory, Ham

! ' ' ' n these.
r Mannar, while the sites at Jaffna and Galle are probably intermediate between _ _ A
; It is interesting, though not surprising, to note that in the early part of April the Little Basses

- strument, with a very open local exposure, but 6 miles from the coast, recorded less than the instru-
ment at Hambantota, which is not so high above ground level, but which, being at the coast, natu.r:-:_ll].}f
sot the full advantage of the sea breeze effect. in which the coast line may be considered as the centre o
L

at
slight differences as occur may proba

&Ctllon'During the middle of April the gradient was still very slack, tlm-ugh. tl}e unuth;e;i ":f{]fu’*l';i:h{i:i
above the north-east, but from the 22nd onwards there was a steady 1?0-1-9&.59 in gria .ltl Seur g
. al] the wind velocity curves, as a more or less continuous rise till May 2-3. and w }up 1 coincided e
o t of a <torm in the Bay of Bengal. The rainfall of April is interesting. In the first place,
;l}fevf;(;]?;geanm(t%cie'nt amount to keep the ™ Little Monsoon *’ controversy up to at least its usual strength,
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but the most interesting thing about it is the way that it '
wfas little rain up-country, while such rain as dig occur i:g:igliigizgigeg ttg::femaﬂh e
0 thq Adam’s Peak range) than at the stations higher up and further inland. A aau'i;)f (Oln
1tem is the fact that during April there was no rain at Minicoy, which affords qtmg it
rain of that month is due to a different cause from that which is responsiﬁle fu% [;11‘10 *
.ane, &c. Thus, in June a monsoonal current brings moist air to both Minicov and Cg Iln~
rain on both, but if we accept the April rain of Ceylon as largely due to the 1}{;0&[ el ylo}s'
convection over the Island itself, it follows naturally that the Minicoyrainfall (if any) ilt;c;lha tl :
iegzlglcll_ on the cqn.vecigior;loveg thmil 1sland, and considering the relative sizes of l\ﬁ'n}’mv alng CIE;;LH lt:;tll::;iz
g surprising in the idea that in the former case the local convection insuffic |
appreciable rain. About May 2-3 the gradient was at its stee lon, & fact whisk SRR
in all the wind velocities (though by this time the centre of the deljpriztsai?)?lrisis?:e}l-{?rt}]t‘oatl{zﬂéu‘;}gf %:1?;:;;

The next fortnight shows a exceedi : 3 : : . .
Aot 8 n exceedingly Interesting dry period with steadily decreaﬂmg aradient and

This early depression and its ensuine f ' T po
§ nsuing fne weather are worth consi ' ot '
subsequent monsoon. A very similar case occurred in October, 1920 : :if?:?% ;;gomél;'?ﬂticgl-;mh 1549
wet monsoon followed. A milder case of the same thin i d 10929 nafollet e o R
of moderate intensity, while in 1921 there was an ulmos% (c)-zcm fct ml- pewc i Pl follo.wad oK
April, a};td the ensuing monsoon was exceptionally weulk MR e v
roceeding now with the i it ks AT P S |
claims to be constidered e tfll;e;fl gltl?;l: d, eblt?gnilgitgfflé t)tft1933,1t ml_l be seen that both May 17 and 24 have
: N ‘ , citer case exists in favour of June 3 and 4. T}
period from June 3 to 8 is particularly interestin caminati ' : =
_ _ _ sting, and an examination of the chart sh h
Increase in the pressure gradient (as indicated b : : : \rt sShows how a steady
i : ate v the increased vertical distance 1 it I
curves) coincided with a movement of the area of 1 ‘ R
_ | nost rain from the low- try in the
e Thlant toihe _ : w-country in the south-west of
ek i som(:a ;:;3:%23; 315;?}11(163, ILE.F]II ((lrl‘l the 10th and 11th the up-country stations were getting over an
e : Y es), while Galle, Kalutara, and Clolomho had dropped back to less than half
It may he of interest to note that .J une 11 is
e that . S quoted from furthe s the he arriv

fof_t{le 111;101130011[1911 the wgst Indi_an coast,and June l:;% for its arrivulrut OBrr:::LTyM tFl‘lt::r L:tll;izﬂr{;:lf lr];? :}::;ll:!nﬂl
airly sTe}fé)ilglt;e;egt IEeTS}sted &ﬂtl_l heavy rain up-country, but more moderate rain near the coast.

ety sé of rain and wind on June 17 brings out several points, one of the most noteworthy
ol which arises from the way in which the ordinary distribution of velocity between stations is modified
Colombo m_ld (Galle show peaks which do not appear so strongly as might be ex pected at Jaffna and Litﬂf‘:
B_asses, which can only mean a variation from normal in the direction of the stream lines, an item which
did not ghow very s_strongly 1111 the Ceylon surface synoptic charts of June 17 or 18, but Whi{;]l showed in the
upper air observatmn_s at Colombo at a half and one kilometre (1,500 and 3,000 feet), where the wind was
a trifle north of west instead of about west south-west, and in a verv practical way off the Malabar coast
where the sea was reported * very rough "’ on the 18th., : | e

The rainfall diagram for the latter part of June calls attention again to the way in which the
steeper gradient goes with a greater proportion of the rain being up-country. The gradient on about
the 14th was the slackest in the month. and the fall-off in rain at up-country stations was well marked

A less thorpugh fall-off occurred on the 25th. and here it 1s interesting to find that a slight easing
up-country finds its counterpart in an increase at Galle on the 25th.

The early part of July was less noteworthy, but on the morning of the 14th, after several days of
only very Hmdergte rain, the forecast read ““ not much change in general type, but liability to rain slightly
increased.”’” This (as will be seen from the pressure curves) was in no way dependent on a change in the
steepness of_ the gradient, but was d_ne to a change (not demonstrated in the diagram) in the direction of
the upper air n_mvt?meut at half a l_:llnmet-re, and above, which had gone round from west south-west to
south-west, which is usually a wet sign during this monsoon. The ensuing rain of the 14th—15th and next
day or two demonstrated the fact that it was due to the arrival of moister air rather than to increased
gradient, by the fact that more rain fell in the low-country than in the hills, though a gradual increase
in gradient in the next few days took the centre of gravity of the Island’s rainfall up to the hills by the
19th. |

In the early part of August there was a good deal of monsoon activity at the head of the Bay
and the gradient across Ceylon was above average steepness with heavy rain, particularly up-cnuntry‘
which fell oft towards the middle of the month, after which there was a continued decrease in gradient anci
less rain in general.

On August 30-31 the Little Basses Lighthouse recorded less wind than Hambantota for the first
time since May 22, and as a natural result, when the gradient re-established itself, somewhat the same
sequence of events had.to be gone through as at the beginning of the monsoon, i.e.. rain a ppeared first at
Galle, C'olombo, and Ratnapura (September 1-8), while it only reached an inch at ( arney on the 5th, and
at Ambegamuwa and Watawala on the 7th. Similarly a slight increase in gradient from the 19th to the
21st corresponded with a movement of the area of heaviest rainfall from the coast to further up-country.

The sharp change on September 26-27 is a very pretty example of the effect on Ceylon of the
formation of a storm in the Bayof Bengal, as part of what may be roughly called the retreat of the monsoon.
In the cases in June and July a gradual increase of gradient resulted in the rain a ppearing first in the low-
country and then spreading up-country (or conversely a decrease in gradient allowed rain up-country
to spread backwards into the low-country), but in this case, unlike anything since May 24 (except possibly
July 9 and 14), there was a sudden transition from a day on which no station recorded half an inch to
falls of over an inch in both the low and up-country (and one may add at Minicoy).

Through the early days of October it will be seen that the gradient continued to fall off, and it may

L3

be added that on October 8 a wind-reading at 1} kilometre had an easterly component instead of a
westerly one—an event that had not occurred sipce May 24.

For some purposes the diagram might have ended here, but I have purposely continued it to the
end of the month, to show the essentially different type of weather that occurred.

The diagram shows the complete collapse of the gradient from south-west to north-east, the

corresponding drop in wind, and the way in which the marks that denote rain constitute more of an
irregular mass and less of the vertical grouping of September.
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Two items that cannot be shown on this diagram are the fact that from Oc : ' :
of rain was more concentrated in the late afternocﬁl, and at night, than former]y?oa.t;eéll ilialfzt tal:zt? e
such as Trincomalee, which had been on the lee side during the south-west monsoon and sufferin v
drought, now received rain. ;
The opening up of the pressure curves from October 26 to 31 differs from that in June ;
no longer represents a consistent line of maximum steepness. During those days a definite d
existed over the Island of a type not uncommon at this time of year, i.e., cyclonic, though of insuf cn ernational
wind strength to come into the category of cyclonic storms of which wireless warning is broadeasted, Seismological
: In this last connection this is another point to be mentioned which has not been shown in tfgntre
diagram for the south-west monsoon months, but which has already been touched upon under ** out-
stations,” and may be of special interest to those who have been following the work of Professor Bjerknes
on cyclonic movements in the temperate zone. The Nuwara Eliya meteorological shed is over 6,000 feet
rg-l?ove sea level, and thus in some ways takes the place of an upper air station.  On the morning of October
26 the minimum temperatures of all Ceylon stations were below their average for October (though
Diyatalawa and Badulla were practically at their averages). By the 27th Nuwara Eliya had risen
over 4° and Diyatalawa and Badulla each 11°, while the other stations were still all below their AVerages.
This is not an isolated instance, but one that to a greater or less degree occurs in every such depression

or * but_)ble_ depression ”’ that I have investigated in the last ten years, and its practical bearing on
forecasting in Ceylon may prove very considerable.

Correla!mn.——I'n f&ppendix B to the 1911 report 1 called attention to the unsatisfactory state of
many of the old statistics, and their consequent uselessnesss for purposes of correlation. Up to that
time there seemed t(_) have been very little realization in Ceylon of the fact that the various meteorological
el_ements are essentially related, and should be regarded as a single whole in which the observations of
dlﬁerept Instruments and different stations admit of being closely interwoven. Such interweaving is the
essential basis of forecasting, and was quite impossible with the material available in 1911, and all that
could be done then was to settle down to the prosaic business of trying to collect reliable data as the
necessary first step before deductions could be built up from those data. To-day the Observatory is in
thr_a much happier position of having at least some material with which to build, and the frontispiece of
this report is a typical example of correlation being found to exist in a case where the general physical
principles caused it to be looked for in the very form in which it was ultimately found.

If air under a low pressure at Nuwara Eliya is taken, under the action of a monsoon gradient, to
the sea coast, and compressed till it reaches the sea-level pressure, we should expect it to get hotter under
the effect of that compression in the same way that a tyre valve shows the heating effect of compression
when the tyre is inflated, and if this is a fair statement of the general idea, it follows that we should expect
the heating to be most marked when the pressure gradient was strongest.

The diagram affords a strong argument in favour of the two being closely related. The line from
(Colombo to Trincomalee approximates to the line of steepest monsoon gradient, so the difference in
pressure between these stations is a fair measure of the strength of the monsoon current. Batticaloa
is the station that can best be described as in the lee of the main hills, and the way in which a thermo-
meter there has moved parallel with the difference between barometers at Colombo and Trincomalee and
kept up the parallelism for several years can hardly be attributed to chance.

The general idea given above is, of course, only a rough one, and has points in common with some of
those suggested to explain the Féhn and Chinook winds of the Alps and the Rockies. Possibly the
Batticaloa Kachchan is qualified for a place in the geography books alongside the winds named above !
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APPENDIX.

Diagram 6 shows the isobars and rainfall distribution over Ceylon during a few days in January,
1923. A slightly shaded area in the centre of the Island denotes the altitude contour of 5,000 feet, and will
be found to explain some of the distortion of the isobars that takes place inland. Names of stations are not
given on these small maps, but can be identified from Diagrams 1 to 4. The barometers whose readings are
used include those given in Tables 9 and 10, and also instruments at Badulla, Kandy, and Kurunegala, which
have not been in use long enough to be included in tables of averages. The damage to both life and property
at this period was considerable, and attracted a good deal of attention, so that a brief analysis of the
meteorological causes at work may fairly be included in an annual report as well as in its more natural place

in an Observatory Bulletin. > '
The period may be summarized by saying that between January 7 and 15 Ceylon experienced an elegant .

example of a movement, perfectly cyclonic in type, comparatively mjld as _regards wind velocity (though the
observer at Mannar described it as ** almost a gale *’ on the 9th), and involving very _hem'}', and 1n some cases
disastrous, rain. To this may be added that it showed very clearly two peculiarities of a type that I have
observed in a large proportion of Ceylon depressions, and the further analysis of which, T submit, may have a
r ' aring on tropical forecasting.

Pk d?rﬁ;l];;: ggintsgare (1) tI]:;e utility of !:-hnrag temperature readings of stations Hu{:'ll as Nuwara Eliya (6,000 feet
above sea level) as a mild form of upper air observations in the fmnt.of a depx;e:asmn, and (.‘%’) the way in which a
tropical depression, once formed, tends to show some of the properties of a simple dynamical whirl, _and hence
is displaced at right angles to the direction of maximum steepness, and to the left, of a steady gradient whose

offect may be superimposed upon it. _ E _ _
With regard to the former, the rise of temperature at this station in front of depressions approaching

from the ea.st“ird has been noticed too often for the coincidence to be acc:idental, and i!:, looks as if Ceylon 18
quite prepared to take a share in the ccrntrm'ersies. that range mm_ld the ** warm front " theories of cyclonic
movement that have so far been discussed chiefly WI_th regard to regions nearer the Pole. '

The second point has a great practical bearing, because the condition postulated is fulfilled whenever
a depression escapes from the lee of the Island and C':’JIIIES.lHldEI‘ the influence _ﬂf an extemal (monsoon) gradient
in the Bay of Bengal or Gulf of Mannar. The resulting dlsp}acﬁment (apcurt_:hng_tﬂ the tluectlon.ﬂf the external
oradient) may either speed the parting or make the depression reverse its direction and retrace its path.
. In December or January the general trend of movement of a depression is usually from east to west, and
there is apt to be a strong north or north-east wind in the Gulf of Mannar, whose effect on a depression that is
leaving the Island in a westerly direction is to reverse that movement. If the rotational velocity of thf
depression 1s considerable (as in December, 1913) it may suffer a very slight check and nothing more, whereas in

November, 1920, a depression of very slight velocity recrossed the Island entirely. In the case under discussion
, ' f an intermediate strength and showed the phenomenon, but only to a moderate extent.
it day by day, it will be seen that on January 7 there was

fairly normal north-east monsoon dis.t.ributinn._ The report and forecast that _mnr_nin_g was : Bart:imete:-
ool d mav give strong north or north-east winds. Rain has decreased. It is still likely in the east and
BLes, A% 1;1 t} vgill] robably not be extensive in the west,”’ and it may be explained that the Nuwara Ehya
So}lt'h-eaﬂt' : atL[:l‘B was 46°4°, or slightly below its own average for January, a fact that was largely
Hummu:?letefg?}fie Ifnreeaqt not dwelling on a prospect of widespread heavy rain within the ensuing 24 hours.
responsi | :

the movement was o _ n &
Turning now to Diagram 6, and examining
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The rainfall chart for the 7th to 8th does not show extensive rain, but by the morning of the 8th the
had fallen towards the south-east, and the minimum temperature at Nuwara Eliya had rise

. | \, That
morning's report read : ‘ Barometer lower. Strong wind from north to north-east still li Rain \ikely
on east side,”” which was fairly well fulfilled in the next 24 hours, notably in the distributior 3in, which can

be seen in the chart for the 8th-9th. The isobars on the morning of the 9th show the distor 19
hills, and it is worth noting that at Hambantota in the south-east the pressure was actually higher -
brevious morning. A still more significant fact, which is not shown by the diagram, is that the N |
minimum had again risen and reached 5647, with the result that the report and forecast read ; ¢ ﬁﬁ
slightly lower. There has been appreciable rain on the east side, where it will probably continue, as well as
spreading across the Island. Wind liable to be strong, and may vary in direction.”” The diagram shows
that the area in which over an inch of rain fell in the next 24 hours covered more than half the Island, but a
turther note may be added to the effect that several falls of over 10 inches were recorded, e.g., Hendon
13-35, St. Martin’s 12 50, and Meeriatenna 11 -42,

The diagram of January 10 might have come out of a text book. The rain had certainly spread
westward, and the wind arrows are almost pertect. The hill effect is less marked, but shows in Badulla's higher
pressure. The 11th is interesting in showing the further north-westerly movement with Galle pressure above
Ratnapura, the west coast having something of the calm centre. The chart for 24 hours from 10th to 11th
shows that Qalle got a little rain, instead of none, as in the previous 24 hours, but on the whole the rain was
certainly not greater than was anticipated. The morning of the 11th still showed the lowest pressure over the
Island, though distinetly more to the north-west, and the morning of the 12th showed this movement further
developed. |

One might be tempted to leave the matter there, as the main storm was obviously west and appeared
to be moving further west, but the second point referred to above must be considered, namely, the possible
setback after the centre had come out from under the lee of the Island.

In this case the depression had been strong enough for itg complete return to be unlikely, but a reasonable
expectation was that after about a day of steady improvement we should get a sort of ¢ fighting rearguard
of thunderstorms. The forecast on the morning of the 12th read : * The depression is now to the north-west
of the Island and moving away. Weather conditions should improve, but showers still likely,” the last phrase
being on account of this “rearguard” and the use of the word showers ” rather than “heavy rain’ or

"“thunderstorms *’ largely on account of the interval that might be expected to elapse before the displacement
took full effect.

On the morning of the 13th the pressure was higher than on the 12th, but there was a nearly closed isobar
with the pressure inland less than that at the west coast, i.e., the effect of the set back was occurring to a mild
extent, and the morning’s forecast read : * Barometer risen, and conditions as a whole clearer. Local thunder-
storms still possible, but probably not extensive.

The next morning (14th) the pressure was still higher, but still showed a loop inland, not a steady fall-
off from east to west, while in the forecast the limitation *‘ probably not extensive’ was removed from the
“local thunderstorms.’

On the night of the 14th the said local thunderstorms were much in evidence, particular attention being
called to their effect on a certain tributary of the Deduru-oya and on the railway line between Ganewatta and
Maho.

As a further example of how localized the rain was that night, it may be noted that while 3 inches fell
in 24 hours at the Observatory, less than half an inch fell at the Fort only three miles away.

One other point may be touched upon in view of a certain type of criticism that is frequently heard.
During the period under review several extra meteorological telegrams were sent to India, and at first glance
it might seem curious that the wireless weather messages 1ssued from Simla never used a stronger term than
“squally *’ to describe the weather round Ceylon. Yet a very little consideration will show that there was no
disagreement. The wireless messages are intended as warnings for ships, and in them wind and state of sea
are of primary importance, while the presence or absence of floods over the land are simply irrelevent. A
movement of cyclonic type must always be kept under observation by a meteorological service, because it may
develop and become dangerous in more ways than one. The fact that it 18 comparatively harmless from one
pomt of view is no guarantee of its complete good behaviour, and in this case (where most of the rainfall was not
orographical) it is probable that the very absence of strong wind tended to concentrate the rain and increase
Its capacity for damage in the areas most concerned.

A. J. BAMFORD.




