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561-577-3.
AN ANALYSIS OF INDIAN RAINFALLS USING THE MEDIAN AS A
STATISTIC.
BY

LS MAHALINGAM.
(Recewred on 231d November 1937

Summary.—A gencral test, called the H test, which was recently suggested by Dr S8 R. Savur
(Proc Ind Acad Ses June 1937) has been used m this paper to analyse the monthly rainfall data at
thirtyfive representative stations 1 India  The anahvsais. which 18 based on the 59 hnuts for random
chance for &. reveals the followmg pomts —

(t) The ramfall associated with thunderstorms m the hot weather months 18 sharply differentiated
from the ramnfall of the monsoon months

(ts) During the monsoon months a syrificant increase m 1amfall amount 18 found from June to
July, except m Burma and parts of northeast India  July, wiich has generallv the hirhest rainfall,
18 found to show no signihcant difterence trom August, exccpt i the western parts of the Peninsula.
September shows generally a distinct decrean from ugust, except the southein and eastern parts

of the Penmsula

It 1s usual to adopt the amthmetic mean extensnvely i statistical analysis
Such use 1s justified in the case of samples from normally distributed populations,
When, however, the original distribution 15 skew an analvsis of the data using the
mean loses much of its value A graphical method of analysing ranfall data by
using the median and the inter-quartile 1ange to typify a sample has therefore been
recently put forward by P R Crowemn (') and later on (3) The method has heen
followed by H. A Matthews () m dicussmyg ramfall tvpes m India In these papers
we do not find any satisfactorv theoretu al justification of the method employed.
Very recently § R Savur (+3) has suggested a method of statistical analvsis using
the median as a statistic He has shown that the analvas 1s quite general in that
it 13 applicable to all cases irrespective of the frequency distributions.  In this  paper
an analysis 18 made of monthly ramnfall record- of selected stations India by using
the median 1n the manner suggested hy Savur *  The method 18 particularly appro-
priate i the case of ramfall m and or semi-ard places a1 well-known that the
frequency distribution of rainfall in those areas i~ veny skew

*After the preparation of this analysis, the attention of the author was drawn to a paper by W R.
Thomson m Ann. Math. Stat, Vol VI, 1936, where a method of usmg the median m tests of aigm-

ficanoce similar to that of 8. R. Savur has been developed  The formulse developed thereis are somewhat
complex and not so easy of mampulation as those given by Savur

M37DGofOb 243




244 L. S. MAHALINGAM,

Suppose we wish to know whether one month at any place is rainier on the aver-
age than another ; then the usual procedure has heen the following : —

If we have records for n years we have » values of total monthly rainfall for each
of the two months. Using ** Student’s ™ ¢ {est, say, we find out if the means of
these two samples are signuficantly different from each other. If they ale not, we
conclude that one month cannot be said to be wetter than the other , while if a
significant difference be found. that month, having a Ingger mean, 1s taken to be
rainier than the other  Inasimilar manner it 1s tested which of two places 1s rainier
on the average For reasons mentioned above 1t appears better to use the § test ®)
instead for this purpose. The method of procedure 1s as follows —

Let us take the case of two months The ranfall records of each of the two
months for all available years are first arranged in. sav, the ascending order of magni-
tude. Let these be denoted by y; y, #5 ¥» The median for each month
can be found out. Suppose we use the 5°, It for random chance. Then we use
relation (iv) on p. 570 m reference () and caleulate the 5% mterval for the median
rainfall of that month as explamed in reference (7) Tf the two 5%, mtervals have
a common part, we cannot say that one month 1s rainier than the other But if
the intervals have no common part, then that month with the higger median can
be said to be wetter than the other

The 59, intervals for 7 1in the case of ranfall in each of the twelve successive
months for thirtvfive representative stations n India have been worked out 1n the
manner outhned above and the results set out in Tuble I In this table the median
rainfall in each month 1s shown m italies A scatter diagram (after the manner of
P. R. Crowe) has been drawn for one ~tation, namely, Poona, by plotting the monthly
totals year by year and 1s given in Plute I The height of the shaded area in the dia-
gram represents the 5°; nterval for the &y of rainfall of each month. The position
of the median 1s indicated bv a hormzontal arrow within the shaded area. It can
be seen that the rainfall amounts included in the shaded areas (or the 5%, interval)
define a group. As mentioned above, the ranfall of any month 1s significantly
different from that of any other month if the 5°; mtervals corresponding to these
two months have no common part

It often happens that the 57, intervals for & n a few successive months, though
showing no significant difference (as defined above) from any one month to the next
succeeding month, assume certain typical forms Hence, if we are analysing the
mcidence of rainfall in consecutive months at any palce according to the § test it

becomes necessary to define each of the typical types of distributions of the 5%,
intervals for 7§ we are likely to meet with

(a) Suppose the positions of the 5%, ntervals for the R of ranfallin two succes-
sive months 4 and B are those shown in Fig. 1. In this case the 5%, interval for
the & of ranfall in the month B 18 completely above that for 4 and hence has no
common part withit  The amount of rainfall in the month B 1s therefore significantly
greater than that in the month A.

Fl6.1
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(b) If the positions of the 5%, intervals for § in three successive months, A,
B, and C are as m Fig 2, where there 15 a significant discontinuity between the alter-
nate months 4 and C though those of adjacent months 4B and BC overlap, we will
define the change i the amount of ramfall from month A to month C to be gradual
or progressive

A B ¢
Fla.2

(c) Let the positions of the 5, mtervals for § m four successive months A,
B, C, and D be represented by rectangles ax m Fig 3 We notice that the positions
of the 5%, intervals in the months .1, B, and (' arrange themselves as m (b) while
there 18 a sigmficant decrease from (' to ) In this case we will say that there
18 a gradual increase in the amount of ramnfall from month A to month € and a sudden
decrease from month (! to month )

o

A&CO

(d) When the positions of the 5°;, mtervals for the & of ramfall m four succes-
sive months 4, B, (" and D are as shown m Fig fa. such that there is an area
XX'Y'Y common to all these months mn their respective 59, ntervals, the median
rainfall of each of these months may fall within this common area. We will say that
in this case the rainfall 1s evenly distributed m these months

Asco
Fic 4 3.

It is however necessary to impose some hmitation to this definition of “ even
distribution . If the upper and lower hnuts for the & of ramfall m a number of
consecutive months are persistently higher (or persistently lower) from month to
month, consistent with the condition for even distribution mentioned above (viz.,
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that there1s an area common toall these months in their respective 5%, intervals)
we should perhaps consider whether in this case there 18 a progressive increase (or
progressive decrease) i spite of the 5, mt ervals having a common part. Let us
take a hypothetical case where the positions of the 59, intervals 1n a few successive
months are as shown m Fig I Can this he possible by random chance when all
the months haveacommon & ¢ We can tackle this problem n the following way :

Let the chance of the uppet It for & in the month B3 hemg greater than that
m the month A4 be p,

Smilarly let the chance of the upper Tmot of the H",, interval m the month ¢
being greater than that in the month B Le py and so on

Obviously Y - py >> pp = pg ete

Then, 1f we are to treat the distubution as * even ™, the maximnm number of
consecutive months showmg this feature should not exceed the value o n given by
the relation (4)"7 = 0-05, ¢ ¢, # should not be greater than 5  That 18 to say, 1t
18 only when, say, the upper 5%, it goes on nisig (or falling) for six consecutive
months or more that we have to say (on the 5°, himit for random chance) that, in
spite of having a common part tor the 5, mterval, there 1s an indication of a pro-

gressive mcrease of ramfall from month to month.

(¢) Let the posmitions of the 5”,, intervals for the & of rainfall in five successive
months .1, B, (!, D and E be represented as mn Fig 3. In this case we notice a pro-
gressive mcrease from .1 to (" and a progressive decrease from C to E when each of
these groups ot three months 15 consulered separately. However the 5%, intervals
i the months B, ¢ and D have a common area XX’Y’Y and hence according to
(d) the ramnfall 13 evenly distributed i these months,  We therefore define this type
as showmng a gradual merease from .1 to Bjan even distribution mn B, €' and D and
a gradual decrease from D to E

ABCOL
Fic s

We will use this method of analvsis 1n a few cases

Let us take Poona first It 1s seen from Plate I that the upper and lower limits
of the 5%, ntervals for the winter months December to March are zero, signifying
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practically dry weather during these months. The effect of premonsoon thunder
showers which begin 1n April 15 seen m the rasing of both the Lnmts of 7 above zero
mn this month. The increase in thundershowers with the advance of the season is
indicated by the 5%, range for May (0-21—1-43) bemng greater than that for Apml
(0-04—0-32). But as these ranges overlap, 1t cannot be said, according to the en-
terion set out above, that the rainfall of May 1s migmficantly greater than that of
Apnl. When next we survey the graph for June &, we see that the 5% interval
18 3-31—5-08. These figures are much higher than those for May and there is no
overlapping. The ramfall in June which 18 mostly caused by the monsoon 1s hence
significantly greater than the May ramnfall associated with thunderstorms. It is
further seen from the plate that the 5%, 1nterval for R for July does not have a
common part with that for either June or August The ramnfall 18 highest 1 this
month. This bears out the view that July 18 the month in which the monsoon is
most active in the greater part of the Bombay Deccan, except mits southeastern
part as represented by Sholapur and Biyjapur. There 1s a distinet decrease 1n rain-
fall in passing from July to August, but this decrease 1s not maintamed as September
18 not sigmificantly different from August. The retreat of the monsoon 1 October
becomes apparent by the significant decrease in rainfall n this month. There 18
a further sharp decrease 1n ramfall in passing from October to November indicating
that the occurrence of heavy ramnfall 18 rather rare in this month A perusal of the
daily weather charts for November m the few years n which Poona had heavy ramn-
fall indicates that ranfall in Novembr in the Bombav Deccan has been usually asso-
ciated with the incursion of hunid winds 1nto this region under the influence of storms
or low pressure areas which develop n the Arabian Sea and, moving northwards,
ultimately cross the north Konkan and Kathiawar coasts.  Occasionally heavy ramn-
fall 18 also experienced when there 1s a temporary extension of the northeast monsoon
nto the Bombay Decran or when cyclonic storms from the Bay cross the Penmsula
In a westnorthwesterly direction. The average rainfall in November s, however, very
small, as the number of occasions 1n which the effect of such cyclomic storms is felt
in the Bombay Deccan 13 very small.

In order to facilitate a comparative study of the regional discontinuities 1n rain-
fall probability between adjacent months, graphs (in the form of histograms) show-
ing the 5%, interval for § for each month for each of the stations selected have been
prepared and are set out i the chart in Plate II From this chart, ranfall dis-
continuities between adjacent months, 1.e when a significant difference has been
obtamed on the 17 test, were read off for each of the stations, the results are summa-
rised m the diagram m Plate III  In ths diagram an arrow appearing between one
month and the next indicates a discontinuity in rainfall between the two months
on the 5% limt of sigmtficance. The arrow 18 shown upwards 1if the discontinuity
18 due to a significant increase mn the ramnfall in the next month and downwards if
the discontinuity 1s due to a significant decrease m the ranfall.

Let us now take the case of Port Blair. From Plate I and also the series of
arrows aganst this station in Plate I11, 1t will be seen that there 1s a sudden increase
m rainfall n April. This 1s to be attributed to premonsoon thunderstorms (%) which
begn in this month. On the other hand, it 18 more appropriate to associate the big
increase in May with the Bay monsoon which sets in 1n the Andamans about the
third week in May.* The 5%, intervals for § from May to September have a com-
mon part (16-48—16-55). From this we may infer that the monsoon rainfall is
“evenly distributed” in these months A sudden decrease in rainfall from September
to October and the progressive downward trend 1n the months October, November

* The monsoon rainfall 18 also a~sociated wmith thunderstorms in the months May and June.
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and December are assoctated with the retreat of the monsoon from this region in
late October and the gradual weakenmyg of the northeast monsoon from October to
December. There 1s agaun a sudden and significant deerease from December to Janu-
ary showing the withdrawal of the northeast monsoon, and the small and more or
less equal amounts of precipitation teceived m the winter months January to March
are merely of local orgin due to the msular nature of the country.

It does not appear nocessary to give a detaled analysis i the case of all the
stations m this manner as the charts m Plates 11 and 11 are fairly self-explanatory.
However, a general summary of mportant regional features brought out by this
chart and table 1s given m the following paragraphs

In almost all the stations selected, the southwest monsoon period, (the period
which practically the whole of the annual precipitation 1s recerved 1n the major por-
tion of India) 1s not without discontmmties  The exception, as we have already
scen, 15 Port Blair with an unbrohen senies from May to Neptember  Kodaikanal
shows umformuty of ramfall in the months June, July and August and again n the
months September, October and November with a progressive rise 1 between n
September  This station 1 subject to the iwfluence ot hoth the southwest and the
northeast monsoon cutzents and the analysis mdieates that the preciprtation n the
Palni nlls due to the northeast monsoon cunent when at takes contiol 1s of greater
mtensity than that recerved under the mfluence of the southwest monsoon current i
the months June  August. 1 1s also seen thu the northeast monsoon continues n
undimmnished vigour to the end of November m the region around Kodaikanal.
It may be observed m passing that thunderstorms are greatest m number at Kodai-
kanal m the months May and Odober, ¢ ¢, durmg the months of unsteady winds,
wide reference (6) , and the precipitation m Mav due to thunderstorms s significantly
greater than that recenved m June under the influence of the monsoon.  Among the
other stations, some show an even distribution of tamfall in three successive months
during the monsoon pened while most ot them exhibit no sigmheant difference n
ramnfall amount only mn two successive months  These have been grouped together
1n the followmng table -

Months of *‘even disttibution” of rainfall Ntations showing this feature.
1
(5 months) May—Neptember .o Port Blair.
(8 months) June—August . .e «o | Mergw, Mandalay, Gauhati, Calcutta, Srinagar,
Quetta, Kodaikanal
(3 months) July—September . . | Hvderabad (Decean), Madias, Colombo.
(2 months) June and July . . . | Kaiwar, Mangalore, Akyab, Chermpunjs.
Nuware Elya, Trincomalee.
(2 months) July and August .. .. .. | Katach, Jacobabad, Peshawar, Leh, Lahore,
Delhi, Jaipur, Allahabad, Lucknow, Rangoon.
(2 months) August and September . . ! Poona, Nagpur, Bangaloie, Trivandrum, Trin-
! comalee

In connection with this table 1t may he observed that the uniformuty of ramfall at
Quetta 1n June, July and August appears to be due to the small amount of preci-
pitation recewved i these months i Baluelistan

The information summarised 1 the above table along with certamn other peculiar-
ties that have been noticed m the charts in Plates 11 and 111 have been represented
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diagramatically m Plate IV. The following three mamn features are brought out
in this diagram.

(1) The majority of the stations m north India show no sigmficant difference in
ramnfall amount between July and August  Yet 1t 1s observed (from Plate I1) that
both the upper and the lower limits for the & of ramfall for July are consistently
higher than the corresponding limits for August at a number of stations This would
mdlicate a sigmficant excess of July ramfall over that i August, provided the ramnfall
at each station was mdependent of that at anv other  To verfy this pomnt the monthly
rainfall data for July and Nugust for the o2 vears 1875 1936 for the six representa-
tive stations Jarpur, Lahore, Della, Allahabad, Luchnow and Patna were serutnused
to see how often an merease or a decrease from Julv to August oceurred smulta-
neously m all the stations  The results are summarised helow

Alax Delhy, Delh, Allahabad,
stations Lahore, Allahabad,  Ludcknow,
Allahabad, bLucknow 1+ Patna

Lachnow

Number of occamons when an mcrease o a
decrease trom July to \ugust occurred
simultaneously 11 16 26 24

Expected frequencies on the assumption that
the events are mdependint of one
another 2 8 1 16

Probable error of the expedcted froquencics 1 2 ) -2

It 1s evident from the relatively Large values of the obseryed frequencies as com-
pared with the expected ones that the vanations of the ramfall from Julv to August
at these stations are not idpendent  Anexcessor adefect moranmfall in Julv over that
m August m a particular vear at any one of the stations 15 hikely to be snultancoush
accompanied by a sitlar excess or defect at most of the stations in the area under
consideration  From this it would follow that the relative postions of the 59,
mtervals for July and Ausust would be sumlar at all the stations 1t 15 perhaps
difficult to give a mathematical proof of this statement , bhut a good vertfieation m
this particular case 15 ol tained onan spection of the 5, mtervals for 3 for July
and August m the four major pohtical divisions  the Punjab. the United Provinces,
Bihar and Onssa and Bengal *

3%, mterval for  F(nches)

Invision , Relative posttions of the 59,
July August mtervals
Punjab 4 83— 6 38- _4—?;4_ - ;i _3;— -.\u-uust. July
United Provinces —_ll) 13—12 52 _!)— Na—_-l-i_(n; .ﬁ\- u;ntum-d :n—-h:uust
Bihar and Orissa 12-12—13 60 73—1:5:1?;_‘):‘—|:llﬂllit (u;;.uncd m July
Bengal —l-.') 10—16 87 _l-_l— tFl:i_ti—l4_- July  August

In all theso cases the relative positions of the 52, mtervals for July and August
are what one would expeet from random chance  The analvsis may thus be taken
* The 5‘;/0 mtervais for H for these political divisions have been caleulated from the data of * It

Years’ Ranfall” for she perrod 1875 —19.24, appearing in the Indwan Meteorological Memorrs, Vol XXV,
Ps. IL.
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to bring out the frequently ohserved phenomenon that the monsoon rainfall 1s evenly
dwstributed 1n July and August over almost the whole of upper Indua.

(1) The coastal region to the south of Bombay shows no sigmficant difference
1n ramfall amount hetween June and July, while there 18 a sudden decrease 1n rainfall
1n August and a further decrease n Septemher.  On the other hand the north Konkan
and Gujarat (as represented by Bombay and Ahmadabad) show rainfall discontinuities
between each of the monsoon months, the ranfall increasing considerably from June
to July and fallmg suddenly 1n August and still further m September. The Arabian
sea monsoon sets i normally along the Malabar coast early in June while 1t takes an
additional weeh to reach Bombay and 1t 11 not hefore the muddle or the third week of
June that 1t reaches Ahmadabad. Hence June ramnfall 1s significantly less than that
of July hoth at Bombay and at Ahmadabad.

(112) The coastal region around Vizagapatam. which 1s mfluenced both by the
gouthwest and the northeast monsoon currents, shows a progressive mnerease 1n rain-
fall from June to October

Discontmutties also appear during the northeast monsoon period m the rainfall
of the stations representmg the area subject to its nfluence [v1z., Vizagapatam,
Hyderabad (Deccan), Madras, Kodakanal and Bangalore ] In all these casesa
decided fall in the 5° mterval for § 18 noticed in December while judging from the
histograms for Hvderabad (Deccan), Madras and Kodaikanal in Plate I1, 1t may be
surmused that the rainfall associated with the northeast monsoon 13 more or less evenly
distributed m October and November, like the southwest monsoon rainfall n July
and August  The precipitation due to thunderstorm activity i the summer months
18 obviously unevenly distributed in time over the greater part of the country. On
the other hand, the winterrainfall m northwest India dueto the passage of western
disturbances appears to be fairly equally distributed m these months  The actual
ramfall amounts associated with such disturbances are small compared with those
received m a thunderstorm or m the activity of the seasonal low during the monsoon,
and hence cannot have by vanations  This may perhaps be the cause of the um-
formuty noticed above

In conchusion, I wish to thank Dr 8 R Savour, at whose suggestion and under
whose guudance this analysis was made.
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VERTICAL CURRENTS IN THE FIRST FEW KILOMETRES OVER POONA AND
THEIR POSSIBLE EFFECT ON THE MEASURES OF UPPER
WINDS MADE BY PILOT BALLOONS ASSUMED TO
RISE AT A KNOWN CONSTANT RATE.

BY
K. P. RAMAKRISHNAN.

(Recerved on 2nd February 1938)

Summary -—The height-timc curves of both mommmg and afternoon pilot balloon ascents at Poona
on a large number of davs in Mav and November 1937 determmed by the tail method are compared

JA:
@+’

worked out from the two sets of hewrht values are comparcd  The method of calculation of winds
18 examimed and 1t 19 shown that no simple corred tion can he apphied to the wind  valucs =0 as to allow
for the cffect of vertical curtents

A statistical comparison has becn made of one vear's data of the rates of ascent i the first 4 km
obtamed by the tail method and by the above formula Tt 18 found that the two rates agroe well in
the mornings, while, in the afternoons, wide variations occur, which on the aggregate amount to an exccss
of rate of ascent of about 120, the increase homg more pronounced i the months Februars to June

Brief resumés of previous unpublished work on the <ubject are given  In an appendiy, it s shown
that arrors due to slant of tail cannot account for as much deviations as actually occur

Introduction.

In the routine measurement of upper winds by means of pilot balloons, most
meteorological services assume that the balloons rse at a constant rate, although
the rates of ascent are computed from shghtly different formulee, due to Dines,
Hesselberg, Birkeland and others! In a tropical country like India. vertical cur-
rents may consilerably affect the results obtained, if the heights are calculated on the
basis of a constant rate of ascent, particularly in the afternoons (Some instances of
such currents have been described by Field, Ramanathan and the author) 2o ®,
In the India Meteorological Department, the tal method has therefore been
used smnce regular upper wind measurements were started mn 1914. In recent
years, the demand has been growing from aviation interests for upper winds at com-
paratively short notice and the question as to the amount of error that may be ex-
pected if a constant rate of ascent 15 assumed hasbeen under consideration The
solution of the question has become urgent as a self-recording theodolite working
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with those deduced fiom the formula 4 = 84 For a few of these ascents, the winds
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on the basis of uniform rate of ascent of the balloon is now available in the market
and has begun to be used at a few of the observatories in India for ascents made
at night.

Previous work.

A limited examination of the question with respect to some data collected at
Madras during the period December 1934 to February 19356 was made by Dr. K. Das.
The winds at Madras were measured by ascents of both tailed and tailless* balloons,
these being made within a few minutes of each other.

The ascents were made in the mornings on 35 days and in the afternoons on
30 days. In an unpublished report of the results, Das found that the mean differ-
ences of wind direction and speed between the two methods were about 10° and 2m/s
respectively. He also found that the differences in the afternoon were only slightly
greater than those in the morning. This is probably due to the fact that the ascents
were made in the cold season.

As has been mentioned, clear evidence of the existence of vertical currents and
consequent abnormal rates of ascent of pilot balloons has been available for several
years. In Poona, for some years past, systematic attempts have been made to make
use of the routine (tailed) ascents to collect information about these currents. As
the accuracy of such information depends on the accuracy of determining heights
reached by tailed pilot balloons and as one of the chief sources of error in height-
calculation by the tail method is due to slant of tail, it was sought to reduce errors
due to this by weighting the tail, which could be done only for some time.

V. V. Kanade who worked under Dr. K. R. Ramanathan made a partial analysis
of pilot balloon ascents at Poona of 1933 and 1934 from this point of view ; he could
not, however, complete the work. A small selection of height-time curves made
by Kanade where the points showed a close fit and where the angles of elevation
were mostly below 60° is given in Fig. I af. Some values of the angle of elevation are
written along the height-time curves. All the instances selected were ascents in
the afternoon, and the weight and free lift were such that the expected rate of ascent
was 9:2 km/hr. The diagram clearly shows that considerable departures from the
expected rates of ascent do occur in the afternoons in all the months from March
to November.

During the periods February to June 1935 and November 1935 to January 1936,
the usual pilot balloons at Poona had weights of 30 gms each attached to the tail.
The vertical angles and the angles subtended by the tail were read at intervals of
half a minute for the first 16 minutes. The plotted points of height and time of
these weighted ascents fit into a smooth curve ; a few examples are reproduced in
Fig. 1.

Data now available.
From lst February 1936, at Poona, as well as at all other pilot balloon stations
in India, different kinds of balloons are being given such free lifts that the expected
* The rates of ascent of the tailless ascents were ealculated from the formula
It

Z+wt

where A is the rate of ascent in metres per minute,
L the net free lift of the balloon, and
W the weight of the balloon. .
t'.l'h&.:lta collected by Mr. V. V. Kanade were kindly placed at my dispossl by Dr. K. R,

A= 84
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rates of ascent have always the same values for each kind of balloon. Moreover, from
1st April 1937, afternoon ascents have become a regular feature at Poona. The
routine pilot balloon ascents of these recent times are thus more suited for the col-
lection of information about vertical currents, The balloons, however, are not
weighted and hence errors due to tail slant are not entirely absent. The expected
rates were calculated from the formula-—

LI

4d=8 2
(W
where 4 is the rate of ascent in metres per minute,

L the net free lift, .e., the free lift measured before string and flags
were attached minus the combined weight of the string and

flags, and
W the combined weight of the balloon, string and flags.

The balloons had weights varying from 20 to 60 gms. The formula used, it will be
seen, is that of Dines,) extended to tailed balloons on the assumption that the ad-
dition of the string and flags 1s equivalent to the addition of a similar weight to the
material of the balloon. It does not allow for any change of the constant 84 due to
the addition of the string and flags. Experimental verification of these assumptions
18 very desirable.

Some individual height-time curves compared with expected ones.

The paper by Ramanathan and the author® already referred to gives some
mstances of vertical currents ; but these were shown by balloons that were specially
let off with almost no free hift. The doubt will arise whether the currents are strong
enough to manifest themselves in the usual pilot balloon ascents. Further, the
ascents being on selected days, do not show how frequently such currents occur.

The actual and expected height-time curves of both morning and afternoon
ascents at Poona on a number of successive days in May and November, 1937
are given n Fig. 2. In this figure, no selection of days on which the currents
were pronounced has been made. A few days happen to be omitted in May, be-
cause on these days balloons made of guttapercha were used for which the empirical
formula mentioned before is not applicable. The height corresponding to each in-
stant of observation 1s shown by a blackened or hollow circle (these two symbols be-
ing used to prevent confusion between points referring to adjacent days) ; the smooth-
ed actual height-time curves through these pomnts are shown by thick curves ;
and the expected height-time curves by thin straight lines. Fig. 2 unmistakably
shows that on most afternoons, and a few mornings, considerable departures from
the expected rates of ascent occur, particularly in the first 3 km. These departures
are apparently not confined to the hot weather months like May, but occur even in
the cooler months like November.

Although the individual points in Figs. I (a) and 2 are not free from errors
due to tail slant, the more important features of the smoothed height-time curves
in them must be practically free from these for the following reasons :—

1. The individual points fit the curves with remarkable closeness, which 1s very unlikely with casual
errors;

2. The smoothed ourves for the mornings agree vexi'\y closely with the expected curves ; and 1t1s
only in the afternoons, that they show large deviations from the expected ones ;

8. As canbeseen from the Appendsz, errors due to tail slant cannot aceount for such large devia-
tions es often cocur. "
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. Statistical comparison of the actual and expected rates of all ascents of one year.

The comparative data of actual and expected rates of ascent of one year (from
1st February 1936 to 31st January 1937) have also been examined statistically.
As it is desirable to base a complete statistical analysis on data for at least a few

years, only the main results of this preliminary examination are given here.

Table 1 gives the frequencies (number and percentage) of occurrence of differ-
ent values of actual/expected rate of ascent for the layer 0-4 km (above ground) at
Poona during the period February 1936 to January 1937.

TaBLE 1.

Morning. Afternoon.

Range of actual/expected rate of ascent
Number. | Percentage. | Number. | Percentage.

0-711—0+90 .. . .. .. 12 5 3 3
0-91—1°10 .. . .. . 236 93 46 51
1:11—1-30 .. .o . . 6 2 30 33

>1+30 . .. .. . .. 11 12

The difference between the figures for the morning and afternoon is striking.

The highest value of actual/expected rate recorded on any day over a whole
kilometre was 2-3 and the lowest 0-4 ; the corresponding values for the entire 4 km-
layer were 1-7 and 07 respectively.

The mean values of actual/expected rate for the whole year were 0-99 for the morn-
ing and 1-09 for the afternoon ; the difference between morning and afternoon was
more pronounced in the months February to June, for which period, the values were
1-00 and 1-14. It thus appears that, on the aggregate, in the first 4 km at Poona
the rate of ascent in the afternoon is about 10 to 129, higher than that in the morn-

ing.

Examination of the rates prevailing in different height-steps shows that in the
morning, the rate of ascent is slightly higher in the layer 2—4 km than in the lower
2 km, whereas in the afternoon, the rate is highest in the first kilometre, diminishes
to & minimum in the layer 2—3 km and increases again.

The effect of departures of the rates of ascent from the expected values on the wind
. directions and speeds at particular levels,

Since the directions and speeds of wind at various levels are derived from the
heights reached and the angles of elevation, their values also will show appreciable
differences depending on whether a uniform rate of ascent based on a semi-empirical
formula is used or the heights are actually worked out by the tail or two-theodolite
method. It is also clear that these differences will increase with the difference be-
tween the actual and expected rates of ascent. In order to give an idea of the magni-
tude of these differences in a few actual instances, the trajectories worked out from
oach of the sets of height values for six of the ascents shown in Fig. 2 are given in
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Fig. 3. The directions and speeds at standard levels deduced from the two sets
of trajectories are given in Table 2.
TasLE 2.
Comparison of the directions and velocities deduced from determinations of height by
the tail method (ordinary type) with those deduced by the assumption of a uniform
rate of ascent depending on the weight and free lift (¢n italics) on selected days.

10k | 15km | 2-0km | 3:0km | 4-0km | 6-0km
Date.
‘ D Vv D Vv D V D V D V D V

() (km/| (°) (km/ | (°) (km/|(°) (km/ | (°) (km/ |(°) (km/
hr) hr) hr) hr) hr) hr)
10-5-37 .. . 160 5 | 150 5| 140 6| 130 71170 11,250 17
(afternoon) .. .. | 170 71150 5| 150 8| 120 8 | 150 91160 10
13-56-37 .. 350 11 10 6350 16360 11 10 9 ..
(afternoon) .. .. | 340 12| 350 25 10 13 10 26 10 35| 220 46
14-56-37 .. .. 310 10 {310 28320 19 50 16 60 26 18 32
(afternoon) .. 310 15| 330 9 60 10 70 18| 180 16 .. ..
7-11.37 .. . 100 16 60 16 70 23 90 28| 110 26| 140 26
(afternoon) . 60 10| 70 17| 90 211|110 29110 26| 160 28
15-11-37 130 16| 90 17 90 27 30 11320 121|230 11
(morning) . 140 22| 130 31 90 23 10 81320 141210 15
20-11-37 110 9 [ 240 5| 190 8 . . .. 270 31

(afternoon) . 120 41180 6| .. 270 23

The figures in Table 2 show that very divergent results may sometimes be given
by the assumption of a uniform rate of ascent of the balloon.

At first, it may appear possible to correct the wind directions and speeds for
the difference in the rate of ascent in some simple manner. Closer consideration
will, however, show that this is not so.

Example 1.—The actual rate of ascent bears a constant ratio to the expected or
normal rate of ascent.—Let r be the anticipated rate of ascent and 2r the actual rate,
both assumed uniform. Consider the position of the balloon at two instants n, and
n, minutes after start. Let the angles of elevation at the two instants be E,, Ey
respectively.

Let A, B (Fig. 4) represent points vertically below the balloon at n, and ng
minutes, A4’, B’ those below the positions it would have occupied at the same
instants if the rate of ascent had been normal, and O the point of observation. Since
the angles of azimuth at the two instants are measured quite independently of the
heights reached, O, 4 and A’ are collinear ; 8o are O, B and B'.

Now,
_ nlzr . _ n,a:r
04 = @k, ° OB—ta.nE,
PR L4 . L 1A
04" = tan E, ’ OB " tan K,
o4 _  _ 0B
04 = "= oB

Hence the triangles 04 B and OA’B’ are similar. It follows that 4'B’ is parallel
and proportional to 4B. Since the vectors AB and A'B’ represent the winds, it
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follows that the wind between any two instants obtained by assuming a uniform rate
of ascent will have the same direction as, and will bear a constant ratio to, that ob-
tained between the same two instants from the actual height-time curve. Owing
to the variation of wind with height, however, the winds at the same level obtained
from the two methods which will correspond to different instants in the two cases
will not be related in such a simple manner ; and will show large differences near
levels where the rate of variation of wind with height is large.

Example 2.—The actual rate differs considerably from the antictpated onme for
a certain period, but becomes equal to 1t later.—Consider the positions of the balloon
at the end of n, and n, minutes in the part where the two rates of ascent are equal.
Let the actual heights be &, and %, and the anticipated heights H; and H, (Fig. 5).
It follows that (H,—hs) = (H;—hy).

Let O (Fig. 6) represent the starting point and 4, B points vertically below the
balloon at the end of 7, and n, minutes respectively.

The wind from %, and n, obtained from the actual height-time curve will be
represented by the vector 4B.

Let A', B’ be the points vertically below the positions the balloon would have
been expected to take at the end of #, and n, min. These will lie along the straight
lines OA, OB respectively because the bearings of the balloon at the two instants
with respect to O are known. The wind represented by the vector A’B’ will be re-
lated numerically (in a simple way) to that represented by the vector 4B only if
OAB, OA’B’ are similar triangles, 1.e. f 04 : 04’ = OB : OB'.

Let the angles of elevation of the balloon at #, and n, minutes be E, and E,
respectively—

hl ’ Hl
04 =k, 5 4 =g g
hy , H,
OB = tanE, ° OB = tan £,
04 hy OB h

oa =m0 = H,
Suppose 04/04’ = OB/OB'.
It follows that };;; = g:-
 Hy—h  Hy—h,
- H — H,

But H, — h, = H, — h, and H3kH,

Hence, 04/0A'3:0B/OB’
The triangles O4AB and OA4’B’ are not similar and therefore the vectors 4B and

A’B’ cannot be related in a simple numerical manner.
The argument Qolds good whether a balloon rises at an increased or decreased
rate in the first part of its ascent.

Conclusion.

The examination of the height-time curves of pilot balloon ascents at Poona
for over a year and the examination of the principles involved in the calculation of
winds carried out in this paper lead to two conclusions :—

1. At Poona, vertical currents, sometimes ascending and sometimes descending,
are often present in the afternoon ; occasionally, they occur in the morning. The
raté is generally of the order of 3 to 5 km/hr, though, on rare occasions, 1t goes to
abeut 10 km/hr.
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2. Wind values at standard levels calculated on the assumption of a uniform
known rate of ascent of the balloon may be affected considerably by departures of
the rate of ascent from the expected value due to the presence of vertical currents;
and no simple correction can be applied to these.
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APPENDIX,
The order of magnitude of errors due to tail slant.

If a balloon rises at a rate ¥ and there is a difference in the horizontal wind ve-
locity between the level of the balloon and that of the tail v, the tail will depart from
the vertical by an angle 6, where

v
tan 6 = 7

If the direction of the wind is the same at all heights, increase of speed with
height will, by blowing the balloon farther away from the observer than the tail,
cause a slant of tail towards the observer in the plane of sight ; decrease of speed with
height will cause a slant of tail away from the observer.

If the wind changes its direction by 180° above a certain level, say, for example,
a westerly wind changing to an easterly at higher levels, in the easterly current,
the above relations will hold good only after the balloon has gone to the west of the
observer. Till then, the opposite will hold good. In other words, an increase of
easterly wind will have to be looked upon as a decrease of westerly wind so long as
the balloon is to the east of thesobserver. ’

In practice, however, both direction and speed change with height.

Let B (Fig. 7) be the foot of the perpendicular from the balloon on the horizontal
plane, and O the point of observation.

Let the vector FB (v) represent the difference (wind at the level of the balloon
minus wind at the level of the flag). The tail will then make an angle 6 = tan™! %,
with the vertical and lie in the vertical plane passing through FB. We shall call
the angle OBF .

The slant of tail can be resolved into two components, one in the plane of sight
by an angle 8 = 6 cos v and the other at right angles to the plane of sight by
anangle € = fsin y The observer will be aware of the component of the
slant at right angles to the plane of sight ; and its effect is to reduce the effective
length of tail ({) to the value ! cos 8. (The error on this score would have been elimi-
nated if the total visual length of tail were estimated ; but as it is, the apparent
length of tail is measured against a scale with horizontal graduations.) The observer
will not be aware of the component of the tail slant in the plane of sight.

Fig. 8 represents the plane of sight. B represents the balloon, O the observa-
tion point, F the position of the flag, when there is no component of tail slant in the
plane of sight, F’ the position of the flag when there is a component of tail slant &
in the plane of sight towards the observer and F” the position of the flag when there
is an equal slant away from the observer.

Let E be the angle of elevation.
BF' = BF =BF" =l cos €.
F'BF = FBF" = 8
F'X' = lcos €. cos (E+9)
F'X" = lcos € cos (E—3)
FX = lcos €. cos E.
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Let w be the ungular measure of the tail if there had been no tail slant in either
plane ; and, ', »" the angular measures corresponding to he position F’ and F”

o’ cos (E+3)
o= € ToeE -
o ¢ cos (E—8)
w - cosE

Let h be tte true height of the balloon.
l
h = -sin Ecos E.
w

Let &’ and R" be the heights determined by the tail method in the cases represented
hy BF’ and BF" respectively.

' L _— cos B
h = — sin Ecoslz.—h = ¢os € cos (B19)
L " cos E

b = ~ S Ecos E

" h cos ¢ cos (EF—0) )

The expressions for ' and A" are really the game, and the one for A’ 1itself can
be used in all cases, provided the sign of & is taken mto consideration. & will be
positive whenever the angle FBO (Fig. 7) 1s acute and negative when the angle FBO
18 obtuse. However, when written in the two forms as above, it becomes more ob-
vious that a component of tail slant in the plane of sight towards the observer will
cause an overestimate and one away from the observer an underestimate of the height ;
the sideways component always causing an overestimate. The compounded effect
of slants in various directions will therefore probably be a slight overestimate of the
beight.

In Feg. 9 are given (1) height-time curves according to the formula (straight
lines) (2) the height-values that would have been obtained by the tail method if the
balloon rose at the rate given by the formula and no vertical currents existed but
the tail had slants due to variation of wind with height as described above (black-
ened circles) and (3) the height values that were actually obtained by the tail method
(hollow cireles) for two of the ascents included in Fig. 2, mz., the afternoon ascents
on 14-5-37 and 10-11-37. A smoothed curve has been drawn through the points
mentioned in (3) only. The straight lines themselves seem to fit the points
mentioned in (2) sufficiently well. It isclear that such deviations as occur cannot
be due to slant of tail due to variation of wind height,

-
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Fig. 3 Trajectories of selected pilot balloon ascents worked out both from heights
determined by the tail method (- )and from those calculated from the
formula (- ------] ).
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Atmospheric electric potential gradient, conductivity and air-earth current on elec-
frically ¢ quiet® days at Colaba

BY

8. M. MUKHERJEE, M. §C.,
Colaba Observatory, Bombay.

(Recetved on 10th March 1937).

Summary.—Observations of atmospheric electric conductivity carried out at Colata with a
Gerdien apparatus duning the period July 1935 to August 1936 have keen analysed for diurnal and
seasonal changes and correlated with the associated values of yotential pradient Valies of air-
earth current, computed from these quantities, are also discusscd The results show that during
non-monsoon months (Octoter to part of May) conductivity 18 aryioximately mverse to potential
gradient. The double oscillation of potential gradient during these months 1s related to the variation
n smoke and nuclel concentration, caused predominantly by wind. This inverse relation almost ceases
in monsoon (June to Septemter) when the air supply 18 directly from the sea and the eflect of local
pollutionisalmost alsent The diurnal curve of potential gradicnt in this renod 1s esrentially similar
to that over the ocean. Inall the seasons, one of the maxima of koth rotentialgradient and air-earth
current (18 h. to 19 h G.M.T ) coincides approximately with the maximum of these elements over the
oceans ; the mean values of the elements at Bombay are nearly equal to the mean ocean values.

Introduction.

The systematic recording of atmospheric electric potential gradient with a
Cambridge Instrument Company’s photographic recorder® was begun at Colaba in
1930. It is housed in a small room in the northeast of the observatory compound
close to the sea-wall. For collecting the potential a radium spiral collector is used.
It projects outside the room through a hole in the western wall at a height of 171
cm. above ground. Normally the distance between the middle of the radium spiral
and the wall is 40 cm. but this is altered suitably if the potential gradient shows

signs of any large abnormalities. The calibration of the electrograms used to be
M4DGODb 131
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done in the following manner before May 1936. An auxiliary ionium collector was
installed so as to project outside the electrograph hut on the eastern side facing the
gea through a hole in the middle of a plane sheet of zinc, 1°2 X 2-5 metres, which
formed a continuation of the sea-wall. The same Dolezalek electrometer was used
for measuring the potential and the two collectors were used alternately, one after
the other. The potential gradient obtained with the collector towards the sea side
was taken as the standard. The mean reduction factor obtained was 1-50. Since
May 1936, the reduction factor was determined by taking observations with an
ionium collector connected to a stretched horizontal wire at a height of 1 metre above
ground ® on the neighbouring sea coast, the place of observation being distant about
60 metres from the nearest sea-wall. A Wulf bifilar electrometer was used and the
mean reduction factor obtained was 1-92, In this paper, the latter value of the
reduction factor has been used to reduce the readings obtained from the electrograms.

A general examination of the daily records of potential gradients obtained in
the previous years showed two significantly different types of diurnal variation—one
characteristic of the southwest monsoon season, and the other of the dry months.
To investigate the cause of this difference, observations of electric conductivity were
started in 1935. A Gerdien conductivity apparatus made by Messrs. Spindler
& Hoyer and fitted with a Wulf bifilar electrometer was used. Observations of
conductivity were taken at the full hours of Local Mean Time. which is 4 h. 51 m.
shead of Greenwich Mean Time. Observations at 10 hrs. were taken almost daily
as a routine. For the study of diurnal variation, almost continuous hourly obser-
vations on b or 6 clectrically ‘ quiet ’ days were taken every month during the period
July 1935 to August 1936. During the monsoon, however, owing to interruption
by frequent showers of rain, strictly continuous hourly observations were not possible
except on a few occasions. During this period recourse was had to quasi-continuous
measurements, the observational hours being so distributed as to secure data in all
the 24 hours. The present paper discusses the results of these hourly observations
(each of which consisted of two individual observations of positive and negative
conductivity respectively) together with the associated values of potential gradient
and air-earth current. About 1,600 hourly observations are available for the
analysis of the diurnal variation of conductivity.

The observations of conductivity were made on the third floor of the balloon
tower at a height of 14 metres above the adjoining ground and 23 metres above mean
gea-level. The observation room is of dimensions 33 m. X 3+1 m.and is provided
with doors on all sides. Being above the level of the immediately surrounding
objects such as trees and other buildings, the room has a very good exposure. The
tower is at a distance of about 150 metres from the potential gradient electrograph
hut, and it is possible that there is a slight difference between the values of conduc-
tivity measured in the two places. Comparative measurements made one after the
other at the top and bottom of the tower on electrically ‘ quiet ’ days in July and
August showed that there was no appreciable difference between the values of con-
ductivity as measured on the third floor of the tower and near the ground.
t(?u;:mg inversion nights there may be some difference, but this requires investiga-

on).

In order to facilitate the measurements of diurnal variation, the hand drive of
the conductivity apparatus was replaced by an electric drive. The fan was directly
coupled to a small motor of 1/8 H. P. and 220 volts A, C. The motor was placed on
the side away from the mouth of the air-funnel and the room was well ventilated so
that fresh air was always sucked into the conductivity apparatus. The insulation
of the instrument durng the monsoon at Bombay presents some difficulty, but it
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was satisfactorily overcome by keeping the instrument heated clectrically at all
times when it was not actually being used for an observation and cleaning the ex-
posed surface of the amber insulator with a piece of silk when necessary. Insulation
tests were made almost every time before and after an observation. The leakage
of the electrometer was very small being generally between 0-05 to 0-2 divisions
of scale in 3 minutes when the fan was not working, as against 5 to 9 divisions
in the same interval when air was being sucked in. No correction for leakage has
therefore been applied in the values given. Negative and positive conductivity

were observed alternately. Two observations of each were generally taken during
an hour.

A potential of about 480 to--100 volts was applied to the inner electrode of the
conductivity apparatus and the period of aspiration was 3 minutes. The velocity
of aspiration did not differ appreciably from that with the hand drive with 120 to 140
turns of the handle per minute. The observations were reduced by using the usual
formula of Gerdien with Swann’s correction® of 22 per cent for the influence of the
supporting rod connecting the inner electrode to the electrometer and the distor-
tion of the field inside the tube at the ends of the inner electrode

Results.

The data discussed in the present paper were selected from the hourly observa-
tions of conductivity taken during ¢ quiet’ days on which there were no abnormal
weather phenomena such as thunderstorms, heavy showers and the like. The
number of observations of conductivity in each hour of the day used for calculating
the hourly means 1s given 1 Table 1. In Tables 2,3 (a and b) and £ are given the
monthly and seasonal mean values of potential gradient (F), total conductivity (X),
positive conductivity (A+), and positive air-earth current (i4), respectively
for each hour of the day. Talle 5 gives a summary of the mean values of the above
quantities obtaned from the much larger number of observations (given in brackets)
taken at 10 hrs. local time. The maxima and mimma have been indicated in bold
type

In the same Tables 2, 3(a) and 5 are also shown in italics the square
. “S(r—7)2

root of the variance s= \/ ix_ i[ Y of the quantities F and A, Here S (z—Z)3
is the sum of the squares of the deviations from the mean and N—1 is the number of
observations minus one or the number of degrees of freedom. Those mean values
which are less than 2s are marked with an astersk. [t will be seen that the
fluctuations of F and A are generally least m the afternoon day hours and greatest
near about midnight and within two or three hours after sunrise.

The mean potential gradient during the nterval of conductivity observation
was read from the traces of the self-recording instrument and corrected by multi-
plication by the “ exposure-factor *.

No table has been given for the ratio of the positive to negative conductivity,
but it may be mentioned that the mean monthly values of A _/\_ ranged from 0-94

to 1:01, the value during the monsoon months being on the average 1-00 and during
the other months 0-97.

Discussion.
As a preliminary to the discussion of the above results, we shall give a brief

summary of the normal meteorological features of Bombay which have a bearing
on atmospheric electric phenomena.
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The most well-marked seasons in Bombay are the winter—November to February,
the hot season—March to May, and the monsoon season—June to September.
October is a post-monsoon transition month, which for purposes of averaging has
been combined with the hot season or pre-monsoon months March to May. The
winter days are sunny with generally blue skies and occasional high clouds. Land-
breeze in the early hours of the day and sea-breeze in the afternoons are almost
daily features. Ground fog is a rare phenomenon near the observatory. A pall
of thin haze or mist (occasionally thickening to fog) forms almost every morning over
the neighbouring coast. The maximum atmospheric obscurity near the ground
level occurs at 8—9 hrs., after which the haze gets hfted by vertical convection.
With the onset of the sea-breeze which occurs soon after noon, it rapidly disperses.
The afternoon is generally the time of maximum transparency of the atmosphere.
On some occasions, when the wind comes from north or north-north-west and its
velocity exceeds 8 m/sec. the air becomes visibly charged with dust probably carried
from the mill areas in north Bombay. On such occasions, this is observed to cause
reversal of the potential gradient.

The months March to May have somewhat similar characteristics as the winter
months, the most outstanding difference being that, as the season advances, the sea-
breeze becomes stronger and persists for a longer time, while the duration of the
land-breeze gets shorter. In April, May and October, afternoon thunderstorms are
not unusual. In contrast to the above, the monsoon days are characterised by
generally cloudy skies and showers of rain with a fairly steady wind-direction, the
air supply over Colaba being directly from over the sca.

Variation of potential gradient, conductivity and air-earth current.
(1) Annual varlation.

In Figs. 1 and 2 are shown the curves of annual variation of the three quantities,—
potential gradient, conductivity and air-earth current on electrically ‘ quiet’ days.
The mean value of potential gradient is 150 volts/metre, of conductivity 2:5 X
10 E. 8. U. and of air-earth current 5:9 x 10~7 E. 8. U. or 2:0 X 107® amp.
cm. —2 gec. 71, The climatic phenomena of Bombay are sufficiently regular for
the means based on even so few observations as those considered in the present
paper to give a rel able idea of the general variations during the year. The air-
earth currents have been calculated by multiplying the potential gradient at each
hour by the corresponding positive conductivity Y. Two sets of curves have been
drawn, one based on all observations taken on days of whole day observations
(F1g. 1) and the other based on the much larger number of 10 hrs. observations
alone (Fig. 2). Both sets of curves show that—

() the mean potential gradient is a maximum in mid-winter, December—
January, and minimum in May. The 10 hrs. observations show a
secondary minimum in August—September.

() the variation of conductivity is roughly but not exactly inverse to that
of potential gradient ¢ It increases rapidly from February to April
and decreases as rapidly from September to November.

(197) the air-earth current is highest in the monsoon months and least in the
months March to May.

It is easy to understand why, during winter, the mean value of the conductivity
should be small. Owing to the stability of the atmosphere and the character of
the a'T movement, the air near the ground collects an appreciable quantity of smoke
and nuclei during certain parts of the day reducing the number and mobility of the
ions. In the period May to September, owing to the strength and gustiness of the
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winds and the fact that the air flow is mainly from the north-west, west or south-
west, i.e., from the sea, the conductivity shows high values. A very interesting
feature is the increase of air-earth current with the onset of the monsoon. As is
clear from Figs. I and 2, this is due to the marked increase in potential gradient from
May to June.

(2) Dally variation. -

The diurnal variation of the three electrical elements shown in Figs. 3,a to &, is
simplest during the monsoon (Fig. 3k.), when the general wind has only a very small
diurnal variation. In this season, the potential gradient has a maximum at about
midnight (which corresponds to the time of maximum potential gradient over
the oceans—19 hrs. G. M. T.)? and a feeble minimum in the afternoon In October
(Fag. 3d.) there are two maxima during the day in the potential gradient, the main
one being near midnight, and the other being between 7 and 12 hrs. in the morning.
The forenoon maximum becomes more pronounced with the progress of winter, the
two maxima being of nearly the same intensity in January (Fig. 3a.). In the hot
seasop months, March and April (Fug. 3b.), with the increasing strength and duration
of the afternoon sea-breeze, the night maximum dwindles in importance and the
forenoon maximum becomes more prominent In the non-monsoon months, the
daily variation of conductivity 1s roughly inverse to that of potential gradient so that
the air-earth current shows less variation than either potential gradient or conduc-
tivity, the only definite variation being smaller values during the day and a maxi-
mum within a couple of hours of local midnight coinciding with the maximum over
the ocean.?

Except in the winter, the conductivity and air-earth current are gencrally
higher during the night hours than during day. Conspicuous minimy of these
quantities occur at about the times of sunrise and sunset. While there i3 hittle d>ubt
that the secondary maximum of conluctivity in the afternson hours is due to con-
vective mixing of the air near the ground with th» parer uppar atmdsphara anl the
dispersion of pollution by wind, the generally smaller values at about the time of
sunrise are perhaps to be ascribed to some deleterious influence of solar radiation on
either the number or the mobility of the 10n3 due to changes in the number or nature
of nuclei. It may be remembered that while the average conductivity over the ocean
is greater during the day than during the night, observations at a high level station
like Davos?in Switzerland show a somewhat similar behaviour to that observed
at Bombay in monsoon with marked decrease of conductivity during the day-hours.
The reason for these differences is not clear. It is ikely that data on nuclei variation
will throw light on this point.

In order to show how the afternoon maximum of conductivity is related to wind,
curves of mean wind speed and direction and conductivity in the three months Janu-
ary. April and July are drawn 1 Fig. 4, @ to ¢. The wind data used refer only to
the hours on which conductivity observations were taken. They show that between
10 and 18 hrs. the two curves are nearly parallel.

Comparison of daily variation of potential gradient at Bombay with that over the
oceans.

From the potential gradient observations taken on board the Carnegie, Mauchly®
discovered that over the oceans, the daily variation of potential gradient is very
simple in character depending not on local time but on universal time—the maxi-
mum value of potential gradient being at 18 to 19 hrs. G. M. T. and the minimum at
about 4 hrs. G. M. T. As mentioned already, the air over. Colaba in the monsoon
comes directly from the sea and hence 1t may be expacted that the diurnal variation
in this season will approach that over the ocean. Fig. 5 compares the diurnal variation
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of potential gradient over Bombay in the monsoon (June-September) and .the winter
geasons (November-February) with that over the ocean. The parallelism of the
former with the ocean variation between 10 and 19 hrs. is clear. Evenin winter, the
trend of variation is similar, but the disturbance due to local effects is much too large
for the similarity to be conspicuous.

Some sp‘eciﬂc examples of changes in potential gradient and conductivity with change
in wind-direction.

The daily alternating changes of wind-direction which is a very marked feature

of Bombay weather in all non-monsoon months generally cause large and abrupt

changes of potential gradient. These are also accompanied by corresponding changes

of conductivity. Four examples in different months of the year are briefly discussed
below.

Example 1.—5th to 6th November, 1935 (Fsg.7).*

The wind was north-westerly and from tHe sea in the afternoon hours of tKe 5th.
The direction changed to north-east at about 22-30 hrs. and later to easterly. This
land wind persisted till 10-30 hrs. on the 6th when it again changed to north-westerly.
The sea winds were as usual more gusty. The larger values of potential gradient
during the period of land-winds with conspicuous maxima during the first two or
three hours after their commencement and before their cessation are well shown in the
figure. There were only three measurements of conductivity during the land wind
hours, but they all show the decreased conductivity of the easterly air as compared
with that of the sea air. The maxima of potential gradient occur apparently when
the atmospheric pollution® over the observatory reaches a maximum. This occurs
(¢) when the smoke haze from the mill area 1n north Bombay (about 10 kms. north of
the observatory) which had been heaped up against the coastal hills on the eastern
side of the Bay extending north and south by the north-westerly sea winds 1s brought
by the returning land-winds over the observatory, (ii) when the morning sunshine
sets up turbulence mn the lower atmosphere, mixes up the haze layer near the ground
and the winds bring up some of 1t and smoke from the city over the observatory.

It is assumed that the changes of potential gradient, and more so of conductivity,
are almost entirely due to changes in smoke! and the nuclei’ cont:nt of the
air.

Example 2.—April 28th, 1938. (Fig 6).

The changes are similar, but the duration of easterly wind and the corresponding
variations i potential gradient and conductivity extend only over a period of 5 to
6 hrs. on the mornmng.

Example 3.—28th July, 1936, (F1g. 8). J

This was a typical monsoon day with continuous air supply from the sea. Both
the potential gradient and the wind curves show very little diurnal variation and the
former is conspicuous by the absence of high values which mark the curves of the
preceding two seasons. The conductivity bears no marked correspondence with
potential gradient and is of the usual monsoon type with low values at about sunrise
and sunset and higher values at night.

*The values of oon;luo.;xvity shownn Figs. 6to 9 areto be multiplied by 0-
magmtude. iplied by 0-82 to get the absolute
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Example 4.—16th September, 1938, (Fig.9).

This chart illustrates the effect of land-wind but without mixture of additional
pollution from the city area. The wind suddenly veered from WSW through Sto E
at about 4:20 A.M. and after a few minutes duration changed to SE and remained
there till about 9 A.M. Thereafter it again changed direction blowing between
S and W. The first change to east was accompanied by a corresponding rise in
potential gradient. As might be expected the potential gradient was generally
higher during the prevalence of the southeasterly wind than when it was from the
west or south-west. A fall in conductivity is noticed corresponding to the rise of
potential gradient, otherwise it shows the usual monsoon variation.

The conductivity observations were first started under Dr. S. C. Roy, M.Sc.,
D.Sc. (Lond.). Both to him and to Dr. K. R. Ramanathan, M.A.,D.Sc., who has
taken very keen interest in the work ever since he assumed charge of this observatory
and helped me in various ways, I tender my grateful thanks. My thanks are also due

to Mr. A. S. Chaubal, B.Sc., who assisted me in taking afew observations during
monsoon.
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TaBLE 2.—Potential

Hre. (L. M. T') '

0] 1 2 3 4 5 () 7 8 9| 10| 1

Janovary .. .| 982 | 205 | 232 | 228 | 204 | 230 | 220 | 236 | 286 | 276 | 244 | 188
268 | 162 | +47 | 160 | £20 | £43 | +64 | 495 | +59 | £76 |+110 | +31

Fobruary -« | 214 | 210%| 189 | 174 | 208 | 243 | 238 | 235 | 280 | 265 | 205 | 101
496 [£748 | £78 | 174 | £48 | 154 | £68 | 171 | 463 | £44 | 273 | +69

March . g1%] 7+ 114¢| 112 | 164 | 144 | 188* | 177 | 181*| 172¢| 128 | 133
467 |£31 |£107 | +46 | +65 | +49 | £98 | £63 |+134 |+168 | +560 | 61

Apnl .. .| 101¢] 118 100| &7 1200 150 ] 214 | 227+ 248 | 113 | 93| 903
+92 | £50 | £33 | +49 | +79 | £35 | +61 |£118 |£115 | +41 | £33 | £19

May . o8| 88| s4| 72| 71| 81| 10| 1m* e4| 101 | 110 103
47| 43| 222 | £33| £2 | £20 | 124 | +68 | +26 | +28 | +28 | £17

June . ol 6| 147] 147 151 | 137| 146 120 128 ( 131 | 138 | 188 | 143
4024 | £26| +8| +5| +8| +12| £33 | £26 | £33 | £31| +38 | 146

July 182 | 168 | 166 | 166 | 152 165| 178 ] 155 | 156 | 1565 | 156 | 134
+28 | +23| +34 | 429 | +26 | 126 | +21 | 422 | 21| 19| +16| +30

August 170 | 169 140 | 147| 156 | 146 | 143 | 144 | 1564 | 142 | 138 | 142
4927 123 | 420 | +45 | +£37 | +26| £38 | +32 | £29 |+ 40| 334 | 142

September .. | 181 202 | 183 183 | 183 | 179 ] 164 157 | 157 | 157 | 140 | 143
440 | +47 | £61 | £39 |+ 40 | 161 | 144 | 8| £43 | +19 | +24| 118

Ootober . .| 290l 224 | 208| 173 | 123 | 127 154 | 171% 164 | 154 | 159 | 167
4107 | 470 | 433 | 421 | £48 | £39 | +74 | £92 | £52 | £26 | £33 | £ 14

November .. 14| 177 | 161 | 160 | 154 | 151 | 165°] 131 | 157 | 204 | 165 | 156
466 | 463 | £47 | £70 | £31 | +£41 | £90 | +36 | 44 | £53 | 36 | +36

December .. .| 208 240 234 | 205 | 166 | 203 | 206 | 231 | 223 | 251 | 103 | 213
479 | 469 | +46 | £37 | £46 | £52 | £75 | £98 | £81 | +99 | 433 | £13

Year . .| 181] 15| 63| 156 | 152 | 165] 176 | 176 | 185 | 176 | 157 | 148
Wanter or Dry 235 | 208 | 204| 104 | 180 | 209 | 209 | 208 | 237 | 247 | 202 | 174
Pre. and Poat- Monsoon | 143 | 122 | 127 | 11| 119| 128 167 | 471 | 171 | 135 | 128 | 124

or Hot.

Monaoon or Wet . 15| 17| 180 162 157 | 158 ) 152 | 146 | 140 | 148 | 147 | 141

*The hourly means whose standard deviat.uos .\/ S(e—e)AN—1)




ATMOSPHERIC ELECTRIO POTENTIAL GRADIENT ETC. 141

Gradient tn volts/metre—Monthly Means.

12 13 14 16 16 17 18 19 20 21 22 23 Daily

117 | 108 | 115 98 111 112 127 146 169 183 198 266+ 189
+38 | +24 | 140 | 130 +34 +24 124 +29 423 +67 +97 | +243

40| 96| 95| 114+ 133¢ 1418 120 133 124 1284 103 124 178
448 | 43¢ | 24| 459 481 | +84| +48| +48| 14| 70| +42| 141

1| 0| 6| 94 79 7 110 142 115 124 1464 s 121
+32 | 27| +23| 46| +28| +12| +49| 48| 22| 55| 86| 149

9l 2 77 77 69 74 90 96 99 100 92 86 115
+24 | £33 | +24 | 119 +19 +12 114 +17 +19 124 +14 +13

102| 98| 100 103 97 97 109 114 122 114 ” 28 97
+13 | +17 | +10| +20| +18| +16| +14| 42| +16| +10| +18| 420

141 | 133 | 120 116 118 132 129 128 141 147 157 165 138
+24 | +18 | 422 | L18 | 415 18| 25| 17| 22| 14| 22| 19

149 | 147 | 140 | 132 129 137 141 145 142 144 141 150 150
+23 | +27 | £27 | 119 +20 +20 +29 +23 +21 +24 +23 +21

164 | 150 | 142 | 185 136 138 136 142 152 161 159 161 148
+23 | +26 | +30 | 431 120 +31 +22 +25 154 +62 +43 +26

146 | 133 | 136 | 185 131 146 147 154 147 149 147 135 165
432 | £13 | +4d | £17 | 451| 22| 14| 10| 41| 11| 13| 415

172 | 6% 114| 108| 108 nme| 122 143 130 | 132 181 230 159
+21| 479 | 336 | +23| +14 +6| +26| +53| 47| 37| +52| 129

174 | 106 | 103* 96 119 127 165 153 161 193 2317 285 162
+66 | +43 | +55 | +23 +24 +33 345 3-36 326 +61 | +107 +73

167 | 142 | 126 | 117 126 143 163 176 171 199 301 302 198
+67 | £56 | +63 | +36 131 136 +35 +51 +43 | w483 | L1102 +75

185 | 120 112 | 110 113 120 130 139 140 148 163 178 150
140 | 113 | 110 | 108 122 131 143 162 156 176 210 244 180
109 | 108 92 96 88 ] 108 123 117 117 120 128 128

147 | 141 | 135 | 187 128 138 138 142 148 150 151 150 147
|
exoeed 50 per cent of the means are marked with an asterisk.
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TasBLE 3 (a).—Total Conductivity

Hre. (L. M. T.)

January .. . 125 164 137 167 113 097 113 0;7 121 126 132 212
40 20,40 50|10 59(+0-50{+0 39|10 45{+0 52{40 59|40 57|10 35|40 21{40 57|

February .. o) 18| 18] 1.8 204 131 107 o8| 08| 108 123 153 185
47 50{41 2541 14|41 31|40 23|-£0 42|40 65|40 55|40 6540 55|40 67|10 83

March . 827 309 303 280
+0-39|+0 28|41 40{+1 35

H_

-
-

RE
—
—
(=3
=]
©
o
—
L33
(=]

April e w| 373 307 28 328 285 173] 074 101 11 276 266 303
40 72|41 26|41 60|41 37|41 48|40 66|40 52|40 75|40 92|+ 44]40-36/40 41

May .. 3-30| 337 361 858 3-21| 235] 157 2 21| 244 228/ 262 2
40 69|40 34|10 39|40 84|40 22|30 99|4-0 74|10 85|+0 46/ 10 62|+0 48|40 07|

June . <« ] 3-38/ 363 3-64/ 335 326 281) 220 280 284 278 277 300
10 59|10 61|10 66{40 61/4-0 89|+0 85]1-0-70{10 71|10 54|40 34|40 27|40 37

July .. -+ ] 372 339 333 386 330 300 210| 242 259 22 249 253
+0-37|+0 4510 49|10 53|10 36|40 34]+0 31|+0 47|+0 42|30 34|+0 42|10 2¢

August . . 382 354 333 38| 331 276 204 200/ 207 284 289 277
\ +0 42|40 49|+.0 14|40 59|40 54|40 43|10 45|+ 0 37|+0 44|40 34|40 43|40 40
September . . 370 302 335 331 282 248] 180 31 2853 285 271 307

S
=S
H

)

8
H

S

+0 92|41 07|+1 16|+1 07|41 22|40 64}4+0 58|+ 71140 46/40 661

Ooctober . -] 218 209 235
+0-48|4+0 79|40 78|+

84/ 2 46] 157 l;ﬁ 183 193 194 252
40 41]4-0 66|40 94|40 60|40 26/+0 29|40 25

18

L )
>
~
H_
S
S
©°

November .. . 198 211 231

36 23] 218] 166 191 18 173 179 200L
+0 84/10 76| +0-43|+

9
44|40-71|+0 59':1;0 81|40 40|40 11|10 14140 28|40 53,

St

December .. | 180 137 151 152 189 1.44 1-42| 117/ 158 153 176 177
+0 55|10:36/4-0 49|40 5440 92|40-73|+-0 77|40 49|4-0 46|+0 20|40 20|40 07|

Year . .0 12:84 267270 | 283|248 |2:02]1.50 |172|194]|200)219]|2-44
Winter or Dry e | 17211721176 1-88|164|142|130|122(143]|143|160]1-89
Pre- and Post- Monsoon | 3-12 | 2:93 | 294 | 298 | 2-61 {176 |1-281 | 157|174 2-08| 228|261

or Hot.
Monsoon or Wet .. 1366337339359 |317(2-76|206|239266|2772:71|285

*The hourly means whosé standard deviations \/ S(e—z)2(N—1



ATMOSPHERIC ELECTRIC POTENTIAL GRADIENT ETC.

(Unit= 10— E. S. U.\—Monthly Means.

143

12 13 14 15 18 17 18 19 20 21 22 23 Daily
Mean.
oL
2.28| 262 274/ 303 2 89 2 2 52 236 213 2 36 2.06* 2 07* 1900
+0 60\+0 33,40 59|40 59| +0 82 | £0 51 | £0 45 |+ 077 | +0 84 | 40 96 | +1 24 | 41 50
207 290 307 297] 297 2 2.#9| 212 272 204 309 2-50* 2 06
40 71140 57|40 3340 71, 4077 | £0 55 | 0 54 | +0 58 | £0 67 | 1086 | +115| 4133
275 266 280 271 2 88 2 83 283 208 282 220 2 30 268 2-36
+0 50|40 54|+0-60|40 570 4061 | 2045 | +066 | 1089 | +0 35| 1071 | 077 | +0 53
2 87 295 330 347 3 44 3 52 3 03 3 06 411 3352 3 97 4.03 281
+0 55(4-0 46/40 56|40 t1) +0 350 | 40 33 | 4.0 41 | 40 821 4075 40 45| 40 44| 40 11
290, 297 278 271 296 2 61 2 50 225 2 55 2492 3 17 3 66 2-79
+0 18|40 32|40 19/40 25| 40 17 | 40 22| 40 88! 3071 | 4072 | 3029 | 40 14| +0 11
318 339 3560 333 301 301 274 235 313 3 46 3 50 4 168 3:13
+0 60|+0 55140 57,10 39) 10 66| 40 7 306114066 4067 | +£0236| +079 | L0 &8
2971 286 2971 274 2 b2 2 5Y 2 48 2 46 2 64 312 3 51 3 88 292
+0 30|40 43|40 38]+0 23| 40 26 | 4029 | $0 33| 1045 | 40 17| 10 41| 1043 | 1078
310 323 323 3 15! 31t 3 05 297 3 356 3 30 3 88 37 3 63 3-16
+0 59|40 57,10 61) 10 50] £0 35 | 40 40 | 21043 | +0 64 | +1 04| 3102 4095 | +1 38
317 347 317 350 3 31 3 26 294 2 64 2 87 339 3 67 3 99 3 06
10 20(£0 31140 51|:£0 30 £0 33 | +6 12 ) +0 43 | £0 52 | +0 59 | 4+0 31 | -+0 37 |+ 0-32
277 271 2-94) 310 3 35 2 94 271 2 39 2 83 3 16 2 60 2 80 2 51
+0 30|40 86|40 79[+0 39| -+0 35 | 40 35| +0 26 | 10 80 | F+079) +095 | 099 | +1 22
205 263 263 270 2 74 2 58 203 316 ‘ 201 211+ 1 81* 1-59 2.12
40 20|40 93)+0 $6|1£0 39, +0 55 | £0 40| 10 53 | 40 38 | £0 66 | £1 19} 4122 4.0 45
i
188 229, 299 807 2 93 2 65 221 189 ! 2 24 2 35 1 55% 1:06* 1-90
40 30{4+0 4540 15|40 69| +0 85 | +0 97 |+ 0 50 | +0 30 f +0 85, +020| +120 | +1-16
I
|
2:64 | 2:89 | 3.01 | 3 08 2 98 2-85 262 243 2170 295 292 300 2 56
207125692852 94 283 2 62 2 30 213 2 28- 2 4 213 1-82 2:00
2:82 | 2:83 | 2:95 | 3 00 310 298 277 2 4 2 83 2 95 3-01 3-26 2:62
304|324 1322|317 ! 302 2-98 2:79 2170 2 98 3 46 3 60 8.92 306
I

exoeed 50 per cent of the means are marked with an asterisk.
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TaBLE 3 (b).—Positive Conductivity

Hrs. (L. M. T.)
0 1 2 3 4 [} 6 7 8 9 10 11
Month
or
N

Junuary . 060 075067076 054|047 0-58|0-48 | 0-82 063(0:64)| 104
February ++ 10808908 | 100063 |053]040| 048|056 (061 0-71 [ 0 82
March . 162 | 1:61 [ 146 | 139 | 08| 062]|047|066|0-78|097]0 80| 1-01
Apnl . 18 (1-67 141|164 |119|055)0+8 050057108 120|148
May .o 165|166 |172|171}167|118]080 |1.07|1%2 !} 12(128(141
June . 17318 |18 |172]162|146]112]143)144]1 39 (1 43( 162
July 187 |176(171 194|167 |153]104)119]130]1 33|12 (127
August . + 190 | 179 | 165]|1900|166|130]Jo094 (098|130 139 1431 1-40
September . 18 (160 (170|169 |1-40|1-20fo9% [117]1925]1 45 | 1 34 [ 1 54
October .e ««|107 1215116 (1-11|136(118J077{089]|092|0 97 {096 | 1 24
November 098 106116116 (110[1-09]083]/093|092]0 88088101
December . v« 10921070 {076 (076|096 |072]071 l 0568 |08 ;07508086

‘ |

|

1
Year . s J1-41 134 1-34 | 1-41 [ 1-22(102)075 08809071 04108121
Winter or Dry +« 10-84 | 0-84 | 087|092 | 081|0-71]063]|0:61[072 0-7110-78 | 0:93
Pre- and Post-Monsoon | 1 54 | 1 44 143 | 1-46 { 125 | 0-86 | 0-60 (078 | 086 1-03| 111} 1-20

or Hot.
Monsoon or Wet «o|1-84)1.70 ) 1-72 [ 1-81 | 1-59 | 1-37 | 1.00 | 1-20 | 1-32 | 1-39 | 1.36 | 1-43
[




ATMOSPHERIC ELECTRIC POTENTIAL GRADIENT ETC.

(Unit = 10— E. 8. U.)—Monthly Means.
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12 13 u 15 16 17 18 19 20 21 22 23 Daily

Mean.

112|128 1-34)1.48 139 134 122 1-19 104 117 1-03 1-00 0-98
102 | 142 | 147 (1 45 133 122 117 1-03 134 142 158 1-25 1-00
1201127(134]|131 138 134 136 1-03 1387 1-07 109 138 114
1-36 | 144 | 186|167 167 172 147 148 187 1171 1-88 198 1-38
140143 (136(134 136 126 122 112 130 146 1-56 1-78 1-87
1590|170 (173|166 148 148 139 118 1-51 1-73 1-76 3-01 1-57
137143148136 1-32 130 122 121 1-32 1 5’; 1n 1.94 1-47
160(168)160(152 155 151 1 46 159 163 1-86 181 1-79 1:54
1-57{169| 1585|170 165 162 147 133 1-43 1-69 185 2-00 1-583
137 1-27 | 143 (153 168 1-47 135 1-20 140 1-87 129 1-38 1-24
1-02 | 1-21 | 129 1-32 134 125 1-00 1-11 196 0-99 0-89 0-83 1-08
0-91 | 1-13 | 1-46 | 1.49 1-40 1.31 1-08 0 97 1-13 1-14 0-76 0-53 0-94
1-30 | 1:40 | 1-47 | 1.48 1-46 1:40 1-20 121 1-34 145 1-45 1-48 1-26
1-02 | 1-25 | 1-39 | 1-43 1-36 1-29 112 1-07 1-12 1-18 1-08 0-89 0+98
1:35 | 1-85 | 1:42 | 1-47 1-52 1-456 1-38 1-21 1-41 1-48 1-48 1-64 1-28
1-83 | 1-60 | 1-50 | 1-56 1-50 1.48 1-39 1-33 1-47 11 1-80 1.04 1-58
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8. M. MUKHERJEE,

TABLE 4 —Air-Earth Current

Hrs. (L.M T.)
3| a«| s 6| 7| 8| 9|w|n
Month 0 ! 2
or

sﬂm \

Junuary .. 67| 51| 52| 58| 37| 37| 44| 34| 60| 58| 52| 47
February o3| 61| 55| 68 43| 43| 81| 37" 52) 52| 48| 52

|
March 48| 20| 56| 52| 48| 35| 30 390, 47| 55| 39| 44
Apnl ] 61| 63| 52| 48| 48| 30| 35| 38| 46| 40| 40| 46
My 63| 48| 48| 41| 38| 32| 30| 30| 38| 38| 47| 48
June . | 84| 89| 89| 87| 75| 71| 48| 61| 63| 64| 75| 72
July 101| 92| 95|107| 84| 84| 60| 61| 67| 69| 65| 57
August |07 05 77| 93| 87| 63| 45| 48! 66| 66| 66| 73
September 1111 /10211031103 85 72 49 61 66 76 62 T4
October . 104| 79| 79| 63| 56| 49| 89| 52| 50| 40| 51| 69
November .. 517 62 62 66 87 517 45 41 4-8 60 48 5:2
Deoember .| 83| 56| 68| 51| 50| 48| 48| a5| 68| 62| 57| 61
Year .. | 71| 69| 60| 60| 50| 51| 41| 47| 55| 57| 54| 58
Wanter or Dry .les| 57| 57| 58| 47| ¢7]| 42| 39| 55| 58| 52| 53
Pre- and Post- Monsoon | 66 | 55| 58| 51| 48| 34| 8.0 42| 45| 45| 44| 52
or Hot.
MonsoonorWet .. |10.1| 94| 91| 08| 83| 73| 51| 58| 66| 68| 67 69
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(Unit=—" E.S.U.).

12 13 14 15 16 17 18 19 20 21 22 23 Daily
Mean.

30| 38| 34| 41 3:6 3:3 50 48 53 [ 53 39 4.1

41| 43| 40| 43 39 43 4-4 4-6 5-2 5.7 6-1 57 4.8

48| 46| 45| 46 4:4 41 44 42 4-2 5-6 51 57 44

78| 76| 69| 65 57 8-5 860 50 7-1 85 91 10-4 7.2

681 69| 69| 6-0 517 8-0 5.7 59 6-2 7-6 84 9-8 74

82| 80| 75| 6-8 7-1 7-0 66 7-8 8-3 10-0 9:6 9-6 77

76| 78 71| 71 7-2 7-9 72 88 70 83 9:0 9-0 79

81| 53| 61| 6-7 58 6.2 5-8 57 8-8 7-8 7-6 5-2 5-8

58| 57| 56| B4 54 5-6 5-5 55 8-1 70 72 76 59
50| 47| 51 &1 5-8 5-6 53 54 57 6-8 6-6 68 5.4

40| 47| 68| 47 (3] 43 48 48 52 87 6-1 6-5 48
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Average Intensity of Rainfall on a
Rainy Day in India
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AVERAGE INTENSITY OF RAINFALL ON A RAINY DAY IN INDIA
BY
V. DORAISWAMY IYER wo KASTURINATIN SOBTILL
(Reeerred on 2nd September 1936, and on revsed form on 29th {ugust 19:37)

Abstract, Monthly charts of the avargge mtensity of ramtall on a rany day are prepared and
dmscussed  The  average mtonsity assocnited with winter dicturbances 1s tound to be moderate The
mtensity mereases gradually during the hot weather t1ll a maximum value 1 reached m the monsoon
During the haght of the monsoon the chif feature of the distribution 18 the contrast between the
windward and leeward sides of the mountam ranges In the rctrcating monsoon months the area of
highcst mtensity hes along the coast of the Bav of Bongeal

Under the ramfall orgamzation of the Government of India, ranfall measure-
ments are made daily at a large mumber of stations, the registration i each province
bemg placed under the supervision of an ofticer of the Provmeial Government  The
number of ramgauges meluded in this orgamzation was over 2,000 m the year 1900
and has now 1sen above 3,000

Ramfall m India 1s measured in inches correet to a hundredth of an mch  Up
to 1890 the India Meteorological Department followed the general practice of other
meteorological services and adopted a ramfall of a hundredth of an mch or upwards
mn 21 hours as detimng a 1amy day  During the reorgamization of the system of
ramfall registration throughout India which was effected in 1890, 1t was considered
that m a tropical country lke India a fall of 0-01” 1n a day was too small to be of
any value for agricultural purposes, and a fall of 0-10”, one tenth of an inch, in
twentyfour hours, was selected as the most suitable for the defimtion of a rainy
day. Since then rainy days have been calculated according to thie convention
and the normals of rainy days published are based on such figures.

M14DGofOb (103)



104 Y. DORAISWAMY IYER AND KASTURINATH SOBTI.

The normals of rainfall and of the number of rainy days for all the raingauge
stations based on data up to the end of the year 1900 were pubhshed in the Indian
Meteorological Memous, Volume XVII. These data have also been used m the
preparation of the normal charts of ramnfall and of the number of rainy days in the
(lumatological Atlas of Indid  Subsequently revised normals of rainfall and of the
number of ramy days based on data up to 1910 were published 1n the departmental
Memovrs, Volume XXII, Purts I and II, and normals based on data up to 1920
were published m  Volume XXIII, Part VII.

In addition to the above data relating to ramnfall, intensity of rainfall 1s an
important chimatic element Intensity may be calculated for each rainy day, each
rainy hour or even shorter mtervals of time depending upon the data available
The present note deals with the average mtensity of ramfall on a ramny day  This
element has not been discussed so far except for a brief mention by Blanford!.
It seemed therefore worthwhile to calculate this figure for each month of the year
an study 1ts variation m time and space. In domng so the district was adopted as
a umt more convenient to work with than the individual stations?. The district
normals of ramnfull, calculated with the help of the normals of individual raingauge
stations based upon all data up to 1920, gven in Volume XXIIT, Part VII, of the
departmental Memours, were  utilised for the purpose  From the distniet normals
of ramnfall and of the number of rainy days in each month, which are the anthmeti-
cal averages of the notmals of all the stations i the distriet, the average mtensity
of ramfall on a ramy dav m cach distiiet was caleulated  Thus i the month of
January m the dwstiet of Nibsagar n Assam the normal ramnfall 15 1-06” and the
normal number of ramy days 13 27 The average intensity of ramfall on a ramy
day 1 therefore  1-06" —2 7=0-39" The values of average mtensity thus
obtamed were plotted upon a district map of India and lines of equal mtensity
drawn at mtervals of 0-2” up to one mnch and at larger mtervals above one nch.
These maps are shown i Figs I to I3 at the end of the paper. The distnbution
18 briefly discussed 1n the following paragraphs

January - The mtensity 15 greatest hemng more than 0-8”, on the (‘oromandel
coast , 1t decreases to less than 0 6”7 m the mterior of the Peninsula and mereases
agam on approaching the west coast  This distribution 18 apparentlv associated
with the tempotary revival of north-cast monsoon conditions m the south of the
Bay which gives the so-called * Pongal showers” m south Madiax A second
region of high mtensities exceeding 0 67, found  along the western Himalay as
and the adjommng plams, i~ evidently associated with the western disturhances
which pass across this region  The mtensaty 1 less than 0447 m the drv tracts of
northwest India as well as m upper Assam and the Tirawaddy valley

February —The region of moderately igh  mtensity on and near the western
Himalayas persists The maxmna on the Coromandel coast give place to maxima
over Pegu, presumably an eflect of thundershowers  The distubution 15 nearly
uniform along the coast from Mabar to Arakan

Mairch —The begmning of the spring thunderstorms known as “* Nor'westers ”
over Bengal and Assam 18 indicated by the mcerease of intensity 1n these regions.
High figures continue n parts of Lower Burma

(1) Blanford.—Chmates and Wcather of India, pp 75—76 and 259

(2) This helped not merely to minimse the labour involved, as 1t was enough to calculate values
forabout 350 distriets mstead of for over 3,000 stations, but 1t gave alro a clearer picture of the general
distribution of this clement over India than the more variable figures of individual stations.
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April. There 1s a further increase of intensity over Burma, Assam and east
Bengal, the figures being nowhere below 0-4” in these provinces The average fall
per rany day 1 over 1-25” on the Khasi hills and exceeds an mch m (achar
and Sandowav The noteworthy change i north-west India 1s the increase n
Cutch and lower Sind.

May. There 18 a general merease of intensity throughout India, the figures
exceed an inch along the Burma coast except where the hills are interrupted by the
Irrawaddy delta, an'l approach an inch along the west coast of the Penmsula.
Migh values contmue mm east Bengal and south Assam, the maximum of 1-7”
occurring m the Khast hills

June  With the setting m of the monsoon m June the striking feature of the
mtensity distribution 1s the contrast between the windward and leeward sides of
the mountain ranges on the west coast of the Peninsula and on the Burma coast.
On both these coasts the figures exceed 1+5” n places, and probably nse to higher
values on the hills as exemphfied by Mahabaleshwar with its average of 2”, but
rapidly fall off to less than 0-6” m the nterior of the Peninsula and of Burma.
The average fall exceeds 1-5” near the Mikhim Himalayas and 1s neaily 3” on the
Khasi hulls.  The lowest intensity of less than 0-2” oceurs in the extreme northwest
of Baluchistan

July — The distribution 1s 1 the mamn simular to that in June in the Peninsula
and Burtaa  The mam change from June to Julv m northern India 1s a decrease
m lower Bengal, an extension of the region of lngh mtensity along the Ihmalavas
up to the Punjab and an merease m northwest India due to the extension of the
monsoon 1 assoctation with the westward passage of depressions from the  Bay

Tugust The August chart shows a decrease of mtensity on the west coast of
the Penmsula and on the Burma coast together with a shight morease m the east
of the Penmisula and in the mterior of Burma, and a consequent dimmution 1 the
contrast between the two sides of the wountam rangis  In northern  India the
clief change 1s a decrease m the Khast halls and i lower Simd

Neptember There 18 a further deerease e mtensity on the west coast of the
Penmsula a  ell a~ on the Burma coast, ane the contrast hetween the wimdward
and leeward sudes of the coastal 1anges  discppears  m the Pemnsala, but s still
noticeable m Burma  There 18 an merease 1 notthwest  India espeetally on and
near the Punjab-Kumaon hills, due to the faet that storms from the Bay break
up m these hulls m this month  In the Khast halls the mtensity 1s 17”7, the same
value as i Mav

October — With the 1etreat of the monsoon over the Bav and its setting m as
the *northeast monsoon’ 1 Madras  there s an merease m this month along the
east. Madras coast The high mter<ity o the submontane region from the east
Punjab to Assam persists, mdicating that, though occasions of 1am are 1are,
the falls are as heavy m October as n- September wlhich has o much ngher 1amfall
There 18 generallv a decrease over the rest of the country It s mteresting to note
that the mean mtensity over Indha as a whole 1s the same 1 this month as m the
pre-monsoon month of Mav, but the distnbution 1s difterent while 1n Mav there
is a concentration of lugh mtensity over northeast India with a rapid decrease
westwards, the contrasts are less marked 1 October and the lughest intensity is
found along the Himalayas and on the coast round the Bay of Bengal.
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November.—The sub-Himalayan strip of high intensity which persisted in the
monsoon months has disappeared, and there 1s also a general decrease over the
whole country, except on the coastal strip round the Bay of Bengal where the
‘ northeast monsoon ’ continues to be active ; the higher figures on the Orissa and
Arakan coasts seem to be associated with the storms of this month.

December —The only regions where the intensity exceeds 1-0” are the
Coromandel and Circars coasts, but mtensity decreases rapiudly on passing iland.
The intensity 18 below 06" over most of the country outside the Peninsula and 18
below 0-4” 1n south Rajputana, lower Sind and Gujarat.

Year.—Taking the year as a whole the mtensity exceeds 2:0” on the Khasi
hills, is over 1:5” on the Arakan coast, and hes between 1-0” and 1-5” all along
the west coast of the Pemmnsula, n Tenasserim and in a few districts of Bengal.
Over the remainder of the country the intensity 1s mostly between 0-6” and
1:0”, and falls helow 0:6” only in the southwest Punjab, the North-West Frontier
Province and Baluchistan, and 1n parts of the Deccan plateau and of the Shan
States.

The main features of the distribution of ntensity of rainfall in India may be
summarised as follows - -

(1) The average daily precipitation associated with western disturbances which
travel across northetn India i the winter months does not excced
0:8" even on the hills, while m the plams 1t s below 0-4” 1 some
parts of northwest India and Burma

(2) Durimg the hot weather months the average intensity 1s least m north-
west India and 18 highest o Assam, east Bengal and on the Burma
coast  With the advance of the season there 15 a general increase
of the average imtensty, the mean for the whole of India being half
an inch m March and fourtifths of an inch 1 Mav This appears to
be mamly due to the faet that the cold an masses which flow over
India mn winter are replaced gradually by the warmer and more humid
air from the surrounding seas

(3) During the monsoon months the striking feature of the distobution 1
the sharp contra-t between the windward and leeward sides of the
mountain ranges  which lie athwart the monsoon current  With the
advance of the season, when the monsoon weakens, the contrast between
the two sides of the mountam ranges hecomes less marked

(1) During the months of October to December when the monsoon recedes
to lower latitudes 1 the Bay of Bengal the chief factors controlling
the distribution of the imtensity of ram are the tracks of the post-
monsoon storms and the setting  m of the * northeast monsoon * on
the (‘foromandel coast

Extreme examples of heavy falls are to he found m the Khas hills and on the
Western Ghats  Over the Khasi hills as a whole the average intensity 18 nearly
three inches in June and July, and about two and a half inches in August Taking
individual stations the average intensity is three and three quarters of an inch at
Cherrapunji in June and July, while at Mawsynram, which is situated in a similar
high valley at a distance of 10 miles from Cherrapunji as the crow flies and at a
slightly higher elevation, the average intensity is nearly four inches in May and
August, four and a half inches in July and five inches in June. At Mahabaleshwar
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on the Western Ghats  the average intensity 18 three and a half inches in July and
two and a half mches in August.  Further south on the Western Ghats, at Agumbe
and Byrapur Estate in Mysore, the average intensity 18 three and three quarters
of an meh n July and about {wo and a half inches both m June and August.

It may be mentoned that the brief discussion of this element by Blanford!
15 based on the general average for the vear and his number of rainy days mcluded
all days of ram of 0-01” and above s figures were therefore strictly  comparable
with figures m Brtam  He concluded from such a comparison that, day for
day, 1anfall is  three to seven times as heavy m the plams of India as in western
Europe  The restricted count which 13 m use from 1891 decreases the number of
“rainv dayvs’ and hence gives a hugher value for the average mtensity Hence
the mtensitv figures given m this paper are higher than those obtaned by Blanford,
especially 1 regions whete hght rain of less than 0-10” 18 more common m certain
seasons of the year  Ihs further observations apply with greater force to the
present figures, and thev are quoted below  * The common  proverbial expression
*1t never rans but pours ” is a hteral expression of the 1amfall of India - This is as
true of such places as Jacobabad and Multan whete there are no more than ahout
fourteen ramv days m the vear as of Pont de Galle where 1t rams on 205 days on
the average ™.
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DAILY VARIATIONS OF TEMPERATURE AND PRESSURE AT DIFFERENT
LEVELS OVER AGRA ASSOCIATED WITH PASSAGE
OF WESTERN DISTURBANCES

BY
S P VENKITESHWARAN.
(Reccarved on 9th May 1935, and it rocwsed form on 31d September 1936.)

4hstract - -The paper deseribes the day to day  changes of temperature and jressure at different
heights over Agra obtamed from a series of sounding  balloon ascents made almost every  day during
the period Jannary -March, 1931 It 13 observed that the rapid decrease of lape rate usielly observed
at about 12-13 kms over Agra during these months 15 assoclated with a fall of temperature practically
at all heyghts below 12 kg, a rise of temperature above this height, and a fall of pressure extending
practially throughout tho troposphero ovar Agra  An example of this effect was also furmished by
some ascents made mn January February, 1929 Instances have also been observed m which increase
lapse rates occurred in this region, and these were associated with a 11se of tempcrature at levels
below about 12 kms, a fall above and a rise of pressure at all heyghts 1t 1s therefore suggsted that both
the decreace and the merease m lapse 1ates in this rogon may be the results of advection over Agra
from higher and lower latitudes respectively

In the India Meteorologieal Department, the nature of the transition from the
troposphere to the stratosphere has been classified nto four types, of which the types
I, II and III are defined according to the same conventions as those in use at the
London Meteorological Office, while the type 1V 1s a composite tvpe in wlich the tran-
sition takes place in two stages  In this composite type, the lower transition occurs
mostly at about 12-13 gkms. and the upper one at about 16-18 gkms  The lower
transition varies from a sharp decrease of lapse rate to even a strong inversion, while
the upper one 18 mvariably an mveision, the region between the two having the
lapse rate varying from 3° to 6 °C/gkm.

During January to Aprl 1931, sounding balloon mstruments were let off from
Agra almost every day , the mstruments retrieved gave a few sets of records of upper
air temperatures and pressures for consecutive days. From an analysis of these
data, 1t 13 found that the formation of the inversion at the 12 gkms. level 18 generally
associated with a fall of temperature below this level and a rise above. It s also

accompanied by a fall of pressure at all heights. A few typical examples are
described below.,

(59)
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Case I.—81st January to 2nd February, 1820 —A sounding balloon instru-
ment let off on 31st January 1929 during the passage of a cold wave showed that at
about 10 kms. and above, the temperature distribution over Agra was nearly
isothermal, and 1t appeared as though the stratosphere began at a height aslow as 10
kms. Following the wake of a western disturbance, the cold wave made 1ts first
appearance over India on the 25th of January 1929, when a general fall of temperature
occurred along the Frontier hills The western disturbance lay as a low pressure
area over east Rajputana and central India onthe 25th, 1t moved to the Central
Provinces on the 27th and filled up on the 28th  During this period, the cold wave
was steadily moving eastwards. The scasonal high pressure area over north-west
India began to mtensify steadily from the 20th January and 1t spread over practically
the whole of north India by about the 1st February. A second western depression
affected the extreme north on the 30th and 1t rapidly moved to east Central Provinces
on the 31st. filling up on the 1st February. The anticyclone probably reached 1ts
maximum mtensity on the 1st February, when the pressure departures at 8 hrs. on
the surface were of the order of 4+ 0-150” n the region of 1ts centre. Its intensity
began to decrease from the 2nd February.

Temperatures and pressures at different levels over Agra on the 25th and 3lst
January and 2nd February 1929 are given 1n Table I and shown diagrammatically
in Figs. 1and 2  On the 31st January, on which date the cold wave nearly reached
its chmax, the temperature was below that on the 25th at all heights up to 10 gkms,
while above this level 1t was higher, up to the available height of 15 gkms Pressure
on the other hand fell appreciably at all levels except on the ground. The tempera-
ture on this day was below normal* up to 12 gkms. while above this height 1t was
above normal The pressure was below normal at all levels except on the ground.

On the 2nd February, the mtensity of the cold wave had defimtely decreased
on the ground  The sounding balloon record for the day showed that the temperature
had risen above that on the 31st at all levels up to 10 gkms, while 1t fell at higher
heights. Pressure also rose practically at all heights.

Similar changes of temperature and pressure over Agra, but, on a smaller
scale, observed during the winter months of January—March 1931, are described
below.

TasLe J.
Il Normal Normal '
! (mean of (mean of i
Ht. (Gkm )| Jan & 25 1-29 31-1-29 2.2.29 Ht Jan & 25-1-29 31-1-29 2-2-29,
Feb ) (Gkm ) | Feb) -
Temneratuve Pressure

|
Ground 204 0 203 0 285 0 288 4 Ground 994 993 996 996
1 287 0 289 6 276 7 282 7 1 901 900 897 900
2 282 5 283 & 276 2 279 9 2 797 98 791 794
3 275 5 276 7 269 3 273 1 3 703 704 698 701
4 269 6 268 7 263 9 266 4 4 619 620 611 6156
5 263 6 261 2 256 6 260 3 5 543 544 536 540
[] 256 0 264 9 249 5 253 2 [] 475 476 466 471
1 240 5 247 8 243 1 241 6 1 413 413 4056 408
8 242 5 240 0 236 4 237 1 8 359 358 360 354
9 235 0 232 3 228 0 229 0 9 310 309 301 306
10 228 0 223 4 220 3 223 8 10 267 265 259 261
11 222 0 217 1 220 4 217 8 11 227 227 221 224
12 2176 213 0 220 3 217 7 12 195 193 188 101
13 213 0 213 0 217-2 2131 13 167 164 161 162
14 2110 213 8 218 3 211 2 4 141 139 137 137
15 207 0 213 0 216-2 211 3 15 119 118 117 117
16 204-0 211-6 . 218 7 16 101 100 N s

1 202 8 4 . | 17 85 85

*The normals have been calculated from the soundings from 1925 to 1933
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Case II.—20th to 31st January 1981.—The weather in the region of Agra
may be briefly described as being fair from the 25th to the 31st. A western distur-
bance was active over Baluchistan on the 31st. Moving eastwards 1t lay as a low
Ppressure area over the south-east Punjab and southern parts of the United Provinces
on the morning of the 2nd February.

Fig. 3 represents the temperature-height diagrams from the ascents made during
these days, and Fig. 4 shows the 1sopleths of temperature and pressure drawn from
these data

From the 29th to the 3lst there was a rise of temperature practically at all
heights up to about 10 gkms., above which the temperature fell. There was also a
corresponding rise of pressure at all heights during these days There was a well-
marked mversion at about the 12 gkms. level on the 29th and 1t became gradually
less and less marked until the 31st with the temperature and pressure changes as
observed above.

Case III.—13th to 20th February 1931.—On the 13th a western
disturbance was affecting Baluchistan It moved eastwards on the 14th causing
general ramn 1 the North West Frontier Province and Kashmir, and a few falls
Sind. south-west Punjab and the Punjab hills It caused hght showers in west
Rajputana and the United Provinces on the 15th, and 1t appeared as a shallow low
pressure area over the Central Provinces on the 16th A fresh western disturbance
affected the North West Frontier on the 17th and moving eastwards merged nto the
low pressure area over the Central Provinces on the 19th , 1t filled up on the 23rd.

From Fiy 5a 1t can be observed that from the 13th to the 15th, there was an
appreciable fall of temperature up to 11 gkms. and a nse at all levels above this
height up to 15 gkms  Above this height there was no large change. Pressure fell
at all heights (Fig 3b) Fiy 7 shows how a well-marked inversion resulted at the
12 gkms level with the above temperature and pressure changes.

From the 15th to the 16th, there was comparatively little change in temperature
up to 6 gkms, but above this there was an increase up to 10 gkms , from 11 gkms,
up to the base of the stratosphere at about 15 gkms temperature decreased.

The ascent on the 17th reached only 13 gkms. but 1t shows that from the
16th to 17th there was a general fall of temperature up to 10 gkms and a rise above
associated with a fall of pressure above 4 gkms.

From the 17th to the 20th there was a gradual and general rise of temperature
from about 5 to 12 gkms ahove which there was either no change or a shght fall.
There was a corresponding rise of pressure at 5 gkms. and ahove

From the 15th to the 20th, though there were no large changes in temperature
and pressure from day to day, yet one can see a tendency for the variation to follow
the general law indicated above

Case 1IV. -9th to 17th March 1931.—The weather during the period 9th tc
13th March was generally fair. A western disturbance affected Baluchistan on the
13th, and on the 14th 1t lay as a low pressure area over the region extending from
upper Sind to west Central India. On the 15th, 1t was over south-west Punjab and
Rajputana. On the 16th, 1t weakened and moved over Bihar and Orssa. On the
17th a cyclonic circulation at and above 2 kms. was observed over north Punjab
and Kashmir. On the morning of the 18th, this was not visible up to 6 kms., but
the cirrus movement indicated a definite cyclonic circulation over east Punjab
and west United Provinces.
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Figs. 6a and 6b are the isopleths of temperature and pressure for this period.
On the 10th the temperature was lower than that on the 9th at all levels above 6 gkms.
up to 12 gkms., and above this height it was higher. The pressure on the 10th
was lower than that on the 9th at all levels above b kms.

From the 10th to the 12th the temperature rose at all heights up to 11 gkms.,
above which it fell, the pressure correspondingly rising at all heights. This was
followed by further but slow rise in temperature practically at all heights tall the 16th.

There was a gradual but shght increase of pressure also at these levels during these
days.

The nversion at 12 gkms. was gradually wiped out and there was no trace of
it on the 15th

The lapse rate of temperature on the 10th, 12th and the 15th at the levels of the
lower transition, mz , at about the 12 gkms level, 1s given below 1n Table II. Tt
was lowest on the 10th, and on this day the temperature at levels below 12 gkms.
was lower than that on the 9th and higher at the higher levels The lapse rate
was highest on the 15th and was associated with the temperature and pressure
ehanges described above.

TasLe 11

Date ! 9-10 gkms 1011 ghmer i 11-12 ghms 12.13 gkms
- |
10th March 193) A 50C | 10c 45¢
12th March 1931 ' 8 0°C 75C i 8 5( 4 5
15th March 1931 I 60 90¢C ! 95 6 5°C
Normal for March 6 97 5 5-C 3¢ ' 4 9C

Fg. 8 1llustrates the distubution of temperature with height on the 10th, 12th
and 15th

On the 17th there was a large fall of temperature at all heights above 6 kms.
extending up to 18 kms This was assoclated with a large fall of pressure of the
order of 4 mbs at some heights especially above 10 kms  Probably this was related

to the cyclonic circulation observed on the morning of the 18th at the cirrus level
and referred to above.

Case V.—23rd to 31st March 1931.—The weather was dry over the country
till the 25th, on which day a western disturbance caused a few falls of rain n the
North West Frontier Province. On the 27th mormng a diffuse low pressure area
appeared over east Punjab and the west United Provinces This low pressure
area was over the Umted Provinces and the east Central India on the 28th and 1t
persisted over there tall the 30th. It filled up on the 31st

From the 23rd to 28th (see Figs. 9a and 9b) the temperature dimimished gradually
at all levels above 3 gkms. up to 13 gkms and above this it gradually increased.
There was also a gradual diminution of pressure during these days at all heights.
But from the 28th to 30th there was an appreciable fall of temperature at all heights
up to 9 gkms., above which the temperature increased. Pressure also fell at all
heights. From the 30th to 31st there was mse of temperature at all heights up to
9 gkms. and a fall up to 13 gkms., and little or no change above. Pressure rose at
all heights during this interval,
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It is interesting to note the gradual development of mnversion at 12 gkm level
from the temperature height curves for the period 23rd to 3lst, given in Fug 10

Tt 18 observe 1in the cases deseribed above that the occurrence of the lower transi-
tion m the region of about 12 gkms. (type IV of the nature of transition from tropo-
sphere to stratosphere) 13 associated with a fall of temperature at all heights below
that level and a rise above, accompanied by a fall of pressure at all levels

Dr. Ramanathan and Mr. Ramakrishnan! have suggested that this lower
transition may be due to a ** menidional movement of air in the nerghbouihood of the
tropopause, the upper transition corresponding to the tropopause of tropical latitudes
and the lower one to that of temperate latitudes . They have suggested that
this may be the result of the ring of cold air which colleets near the tropopause over
tropical latitudes tending to spread out with a shight downward component towards
agher latitudes. to compensate for which there 18 a movement m the lower levels
towards lower latitudes, produeme thereby a kmk i the tropopamse m the region
of maximum rate of varation of height m the tropopanse with latitude  The
lower boundary of the spreading equatonal mir has been estimated to be i the
neighbourhood of 12 gkms®. From the changes of temperatute  associated with
the formation of this lower transition observed i the different cases desertbed m this
paper, 1t appears that it may alo be expluned by a simpler hy pothesis

From a comparison of the monthly normals of temperatuie and pressure for
Agra (Lat 27N, Long 78 05'E)and Poona  (Lat 18 32’ N, Long 73°nl' E) 3
during December to Apnl, at will be observed that the tenperatures at all levels
up to 12 gkms are lower over Aera than over Poona, and above this height Acia 18
warmet than Poona The pressures over Agra arelower than those oser Poona dunng
these months at practically all hewghts exeept near the ground up to 1 ghm Tt
may therefore besumed that, at the saune Jevel, the temperature decreases to the
north of Agra below 12 ghms  and it mereases above this height T, therefore,
dung this season there 15 @ movenment (not necessanly by the same amount at all
heights) of air extendimg up to the stratosphere from higher latitndes to  Agra,
the tenperature will tall at o1l hewghts below 12 ks while 1t will rise above this
herght and this may result m a deerease of the lapse rate alieady existing at about
the 12 ks level  These eluanges will be associated with a fall of pressure at all
levels provided there  are no other disturbing canses The decrease m the lapse
rate may also oceur even of this advection from the north oceurs only at  some
particular heyghts above or below this level  The general emreulation 18 westerly
over Agra during this season and therefore the effeet deseribed above may be observ-
able over Agra even if the north to south advection occurs i rome region to the
west of Agra  Simularly one may expect Tagher lapse rates than the existing one to
occur at this level when there 18 movement of air over Agra from lower latitudes.
Thus will be associated with a nise of pressure at all levels.

I must thank Mr (i Chatterjee, Meteorologist-in-charge, Upper Air Observatory,
Agra, who was responsible for the collection of data described 1n this paper, and Dr.
N K. Sur and Mr 8 L. Malurkar for some valuable criticisms.

! Mem. Ind Met. Dep, Vol. XXVI, Part IV, p. 33.

8 Nature, Vol 132, p 932,

# Mem. Ind Mct Dep Vol XXV, Part V & Vol. XXVI, Part IV,
M33DGofOb—370—9-7-37—GIPS
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Indian School Supply Depot, Central Avenue, South,
P. O.'Dharamtola, Caloutta.

Insurance Publiceity Co., Ltd , Lahore

International Book Service, Poona 4.

Jacques & Co, Kampteo Road, Nagpur, Messrs. Neston.

Jaina & Bros, Mor1 Gate, Delhi, and Connaught Place,
New Delhi, Messrs. J M.

Kamala Book Depot, 15, CollegSqun.ro, Caloutta.

Karnataka Publishing House, Bangalore City.

Keale & Co., Karachi.

Kitabistan, 17-A, City Road, Allahabad.

Krishnaswami & Co., Teppakulam P. 0., Tnchinopoly
Fort, Messrs. S.

Lahir; & Co., Calcutta, Messrs. 8, K.

Local Self-Govt. Institute, Bombay.

London Book Co. (fadia), Arbab Road, Peshawar, Murree,
Nowshera, Rawalpind:.

Malhotra & Co., Post No. %4, Lahore, Measrs, U. P.

Mnarva Book 8hop, Anarkali Street, Lahore.

Modern Book Depot, Bazar Road, Sialkot Cantonment.

Mohanlal Dossabha1 Shah, Rajkot.

Nandkishore & Bros , Chowk, Benares City.

New Book Co., ** Kitab Mahal ”, 192, Hornby Road,

Bombay.

Newman & Co, Ltd, Calcutta, Measrs. W.

Oxford Book and Stationery Company, Delhi, Lahore,

Simla, Meerut and Calcutta.

Pankh & Co, Baroda, Messrs. B

Pioneer Book Supply Co, 20, Sub Narayan Das Lane,

Calcutta, and 219, Cloth Market, Delhi,

Popular Book Depot, Grant Road, Bombay.

Punjab Rehgious Book Society, Lahore.

Raghunath Prasad & Sons, Patna City.

Rama Krishna & Sons, Booksellers, Kuarhh, Lahore.

Ram Krishna Bros, Opposite Bishrambag, Poona City.

Ram Narain Lal, Katra, Allahabad,

Ramesh Book Depot & Stationery Mart, Kashmere
Gate, Dell,

Ray & Sons, 43, K. & L. Edwardes Road, Rawalpindi,
Murree and Peshawar, Messrs, J.

Roy Chowdhurv & Co, 11, College Square, Caloutta,

Messrs. N. M.

Saroar & Sons, 15, College Square, Caloutta, Messra, M. C.

Sarkar & Co, Ltd , 18, Shama Charan De Street, and 8/2,
Hastings Street, Caloutta, Messra, P. C.

Standard Bookstall, Karach:

Standard Bookstall, Quetta

Standard Book Depot, Lahore, Dalhousie and Delhi,

Standard Law Book Society, 69, Harrison Road, Calcutta.

Taraporevala Sons & Co, Bombay, Messrs. D. B.

Thacker & Co., Ltd., Bombay.

Thacker, Spmk & Co , Ltd., Caloutta and Simla.

Tripath1 & Co, Booksellers, Princes Street, Kalbadew:
Road, Bombay, Messrs. N. M

Uwiversity Book Agenoy, Kacheri Road, Lahore,

Upper India Pubhishing House, Ltd., Literature Palace,
Ammuddaula Park, Lucknow.

Varadachary & Co., Madras, Messrs. P.
Venkatasubban, A., Law Bookseller, Vellore.

Whedler & Co., Allahabad, Caloutta and Bombay,
Messrs, A, H.

Youn]ilglsn & Co., Ajmer, and Egerton Road,

*Agent for publications on Aviation only,
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NORMAL MONTHLY PERCENTAGE FREQUENCIES OF SURFACE AND UPPER
WINDS, UP TO 3 KM. AT ALLAHABAD, BEGUMPET, DELHI, SAMBALPUR,
SANDOWAY, SILCHAR AND VICTORIA POINT.

The monthly average frequencies, expressed as percentages, of surface and upper

winds up to 3 km based on observations of pilot balloon ascents made 1n the morning
up to 10 hrs at 32 pilot balloon stations were published m 19301n Scientific Notes,
Volume, 2, No 17. The present note contams simlar data for 7 more stations which
were started during the years 1929 to 1932 arranged 1 a shghtly different form.

The table below gives the names of the stations and other particulars relating

to the data used n this Note.
TGy T T T —I T -
' Height
Lat (N) | Long (E) | above sca
| (N) (E)
No. Station. i (deg (deg level Period of data
, mun) min ) | (metres)
1 '
[ |
1 | Allahabad | 2528 8151 | 111 | March 1930 to December
' i 1935
1
2 | Begumpot (Hyderabad © 1726 7821 | 555 | Septomber 1929 to Decom-
Decean) | her 1935
3 | Delln . | 2839 7117 | 210 | November 1929 to Febru-
. I ary 1932
4 | Sambalpur . 2128 8401 | 153 | June 1930 to Decembor
i | 1935,
5 | Sandoway . 1828 l 9422 I 9 | June 1932 to December
: . | 1935
6 | Silohar L1 2450 ! 9251 10 ' Scptomber 1932 to August
i 1935
[
7 | Victoria Pomt . 1001 | 9833 ! 48 | Octobor 1932to December
1935
|

M20DGofOb.
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The approximate British equivalents of the measures of height and velocity in
metrical units used are given below for ready reference :—

Values in metrical measure. British equivalents.
500 metres .. .. .. .. .. . 1640 feet.
1000 ,, . . .. . . .. 3281 ,,
2000 ,, .. . . .. .. . 6562
3000 ,, . . . .. . . 9843 ,
< b6 km.perhour . ' . < 3 miles per hour.
6—26 ,, ,, ,, .. 3-5-16-5 ,, ,, ,,
2650 ,, ,, . 16-31 ,, ,, ,,
61-7%6 ,, ,, ., 31:5-46:5 ,, ,, .

>T% ., ., >47 ,, ,,
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS.

Speed
hmits n |[C|NI|NE|E |SE|S |SW|[W [NW|ln |C |N |[NE|E |SE|S |SW| W NW
km /br
JANUARY. FEBRUARY.
Surface.

6—25 |136 | 51 3, 6| 8| 11512 4180 |52)] 1| 6| 9| 2| 2|15 13 2

26—50 ..
0 5* Km.

6—25 5 6|10]13| 3| 1|16 26 100 9| 6 9| 5| 3(11| 15
26—50 1183 | 2| 1 21 2( 1 3|12 (139 | 7 21 2| 2 1| 2116
51—175 1 1

>75 .
1 0 Km.

6—25 7 85| 2| 5| 5| 3.17123 35| 5| 6) 5| 6 3[12] 20
26—50 132 | ¢4 2 21 1, 6(201{128| 2] 1| 2| 2 1 1| 6 20
51—176 1 1 2 1

>16
20 Km

625 1 1 1| 5| 6| 17 41 21 1| 2| 4| 4| 9 6
26—50 123 | 0 1| 924|335 (l116 | 1 1 6|16 | 27
51—-75 6 & 7 9

>h ..
830 Km

6—25 1 4| 21166 0] 2 2 3| 6 b5
26—50 81| 0 528 ;28 2|42 2F
51—75 211610 12 3

>76 1 1 2
MARCH. APRIL.
Surface

6—25 J179 |50) 1] 2| 3 ) 3| 3|19 16| 3 |163 | 43| 1 2 t| 1] 32122 3

26—50
0 5* Km,

6—25 13 6] 4| 7| 4] 4| 6120 | 00 5 11 6| 6] 6| 7119
26—50 1718 | | 3 211 1| 20 1]|21/152| 6] 7 1 1] 3 11 2 6§} 17
51—175 1 3 3

>75
1 0 Km.

6—25 51 2y 1| 5 5| 8| 8|24 81 3} 3| 3| 5| 3 (14| 18
26—50 177 3} 1 1 1 1 1] 626152 3| 3 1 1 4] 26
51—76 . 2 1 4

>75
2 0 Km.

6—25 1 1 1 1| 5110, 12 3, 211 21 2 5114} 11
26—50 (164 | 1| 1 1 1{ 6[23)26|1388 | 2 . 1{ 2119 27
51—176 5| b 2 8

16 1
3 0 Km.

6—25 1 3| 61 38 . 2 12 5
26—50 [109 | 1] 2 1] 3(31|19] 84| 1 . 1] 5135| 21
5115 3(19] 8 1 8

>15 . . 1 1

n represents the total number of observations and
C repreeents the percentage number of cises when speed was 5 km./br or less.

* 0-5 km. 18 above surface , all other heights are abovr m.s.1.
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS.

ALLAHABAD.

Speed
bmits n |CININE|E |SE|S [sW|W[Nwin [C |N|NE|E |SE|S |5W W |NW
km /hr.

MAY. JUNE.
Surface.

6—25 [164 | 37| . 7114 4 4 9|18 7168 27| 1| 8|20 5| 65| 20| 7 6

26—50 . . 1
05 Km.*

6—26 21 2| Ap10| 91 65| 7| 14 3{ 2| 5(11[10) 6| 9 3
26—50 (162 | 2| 8 4 2 27 1 4|10 ||162 | 71 1 1| 8} 4] 1| 5{10]| 11
51—1756 1 4 . 1 4

75 2] .
1 0 Km.

6—25 41 2| 2 B} 9| 91413 1 1 71 61 7113 1
2650 |164| 4] 2 1{ 2] 2] 2|24 149 1 1 7 1 3,111| 18
51—76 1 & (] 8

>16 . . 1

2 0 Km.

6—26 2|1 1] 21 1| 411t 16 | 21 2| 8| 3| 1| 7110} 12
2650 140 | 7] 1| 1 1 2112 ‘ 31 I 115 | 2| 5| 4| 5| 1] . 1(10]| 28
61--16 2, 7 . 1 4

P ! | .

3 0 Km

6—26 1 1 1,1 1 31 61 9 5| 3| 6| 3| 3] 1| 8| 16
26—50 89 | 1 1 1 2313376 4] 9] 1| 7| 1]. 1| 8| 23
51—76 3|13 1 1 1 3

>-6 | 1 B

JULY. AUGUST.
Surfare

6—25 168 | 24| 1| 8 28| 2| 316 (13| 5161 |33] 1 7116] 3 4| 14 3

26—60 l 1 1 . .
05 Km*

6—25 4 4 9111 2| 9| 6| 8 t| 2| 4 9] 7| 416 8
2650 157 | 3 11 4 1118 3||141| 2 1 71 6] 1 1|22 2
5115 3( 1 1 7 1 1] 2 1{ 3

>-16

10 Km.

6—25 6| 311 9| 3| 6| 8| 7 3y 611 |11 2, 3118 7
26—50 (183 ( 2] 1 1110} 3 1{14| 8|l123 | 2 1 | 2 2119 4
81—1756 2 1 T2 1 3 1

>76 .

2 0 Km

6—26 11| 31121 51 2 1| 712 6| 9113 5| 5| 3|16 15
26—560 84| 7] 2| 1|16 2 1| 4| 9(/8 | J 41 9] 1 .| 8 3
5116 3 4| 3 3] ..

>76 R

3 0 Km.,

6—26 711111y T, 2 2] 7y 9 7| 4116 4113 716 9
26—50 48| o]l 2 2(156] 4 2. 15|/ 66| 9 5| 4| 4 2 2
51—176 2 2 . . .

>6

n represents the total number of observations and

C represents the percentage number of cases when speed was 5 kin./hr. or less.
* 0°5 km. 1- above surface , all other heights are above m.s.1.
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS.

ALLAHABAD.
Speed l
hmits n |[C|IN|NEE SE |8 [sW|W|[NW||n |C [N [NE E |SE|S [SW|W|NW
km /hr l l
SEPTEMBER OCTOBER.
Surface
6—25 |168 | 36 6120 3| 1115|13) 4175, 48 G| 5| 1| 2|22 (16 1
-~ R L
05 Km*
6—25 51 412 8| 4] 6| T| By | Ty T 10 7 5. 5|13y 121
2650 |142] 6 Pl 6| 4| 1|12| 8 |167 5} 1| 1| & 5| 9
81—75 1) 1] 2 T IRY R
>15 | o
’ I ! 1 1
10 Km
6—25 3| 6p12( 65y 5| 412 6 ! 0] 5 9] 3 \ 3, 210 32
2650 [1a7] 6] 1| 2| 9] 3 \ 1! 0|16 |lm | 6] 1 311 al 12
51—75 2| 2 1 ! 11 .
1>15 | I I " | | .
II 1 1 I
2 0 Km
6—25 4911\ 11| 3 5) 2| 6| Sy 5y 7, 112]3) 3) 610
26—50 (114 | 6 5‘2 n' s 3| 1| 2{wBse 1) 3} |3!1l 8| 28
51—175 1| 3 1y ol 3
=75 ! . ‘ | oo ‘ .
| ' ! 1 | |
3 0 Km
6—25 6] 6116 5| 5| 313 | 6, t, 4! 2,3, 7,13 18
2660 77| 1] 3| 3| 8| o| 1| 4| 1|86y 1 | 3} § | 1] 14} 7|23
81—75 1 1| 3 . l P 1| 2
=55 .
' | | ool
NOVEMBER DECEMBER.
Surface.
6—25 [160(52]. | 2y 1, 1) 118,24 1,168 5f| 1| 3| 5| 4| 1 12|18} 2
i !
05 Km*
6—25 5] 8| 8 ‘ 4, 1) 2717134y | 1My 9! 70| 2| 3| 7 30
26—50 157 | 6] . 3|nlaes: 9 | - \ 2 1| 1y 1
81— 15 i i i . 1] .. | }
> ‘ " l |‘ l ‘ . i .
10 Km
6—25 0, 7 8 1 1| 638y | 10 7 6 6 1' 3:'15}) 30
9650 187 | 4 . .| 1271881 ¢ O I A I N I - I T
51—75 ) . . 1. 1
~ 5 ,l O
2 0 Km
6—25 8| 2 2\1 Ly 515y 4|1‘1‘3 1, 3y10 17
26—50 154 3] 6 1| ol42l160: 1] 1 ! 3|16 38
51— 175 ol 1) ! 1| 2
=176 . ‘ | l |
| i |
3 0 Km.
6—25 2030 11 | 1| 4 416 2 \ i 1 217 8
26—50 [128| o] 7 2|17|37|128] o] 2 2|32 30
51— 75 6 ! 21 5| 6
=7 \ 1| 1

n represents the total number ot observations and
( represents the percentage number of cases when speed was 5 hm /hr or less -
*9-5 km. is above surface all other heights are above m.s.1.
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS.

BEGUMPET.
Speed
hmits n lc|NINE|E |[SE|8 |SsW|W |NW||n |C |N [NE|E |SE|S [SW|W |NW
km /hr
JANUARY. FEBRUARY.
Surface.
6—25 |[170 | 80 1] 61 9. 1y 1] 215669} 1| 2| 612 | 1| 3| 1 7
05 Km*

6—25 734,17 6| 2 1 . 1011116 | 12 71 3 1
26—50 |[164 | I 1 7121 2 1 154 | 1 3| 3| 3|14| 6| 8 1 2
51—76 . . 1 . . 1. . .

> . . . . . .
10 Km

6—25 . 71215 7 2 11 .. . 141201812 8| 8 ..
26—50 |48 2]. | . 2137| 2 . 0| O 4| 2| 2 4| 2| 4. 2
51—175 . 50 N N . . R

>6 . e | . o | . .e . e | o . . . .
2 0 Km.

6—25 11716(16 ;11| 2, 4| 9| 6 14, 7| 6y 3| 8711116 16
26—50 [159 | 4| 3| 8| 3 1 1 3 1 \ 3 liBI 1 4| 5 . 1 1 5| 3 1
8115 . . . 1 S . . B . .e

>15 B . l . . . .
3 0 Km.

6—25 911| 8) 5| 8|10 9 8y 15, 8, 2, 3| 3 9|10} 16
26—50 167 6| 3| 4| 3 1 3| 8| 4|j149| 1 9| 31| ..1].. 1 8| & 17
61—176 . 1 ee | o ee | s 1 3 1

>16 . . . . . oo | o .. . . .
MARCH. APRIL
Surface
6—25 (185 |76) 2| 1| 4| 9| 1| 2| 3! 3116 |61 2, 1| 8| 8| 3| 6| 7, 1a
05 Km.*
6—25 3, 4y 911715, 8| 3 2 2 2 1 8113, 610 2
0 |[184 | 1 2 1 1115 7112 2 .||1178 | 0] 8 2 1 8| 9114 5 5
51—16 1] 1 2 1] 1]. 1
>15 . . .e
1 M Km,

6—25 5 2 8123111} 656 3| 3 3| 27..1 3|10 8] 8; 2
26—50 e2| o) 2| 2| 3{11{10| 8| 3 60| 0l13| 5| 2| 3| 7|18 10 3
51—15 2] . . . N R 2

>75 [ I I oo | o .
2 9 Km.

6—25 7(12,14, 9, 8, 90| 3, 17 9,14| 813,13, 9, 8| 8
26—50 |182| 3 21 9| 4| 3| 4| 3| 2 173 | 2 1 21 2 2] 3 2 1 3
51—175 . . . . R VORI .

> . . N A R O BT P O
8 0 Km.

6—25 1714 7, 71 2| 9| 7,10 | 11 2812 4| 5| 8{ 9| 6
26—50 |179| 6 9| 31| . 1 1 1 2| 3|16 3 71 6 1]. S 1] ..
51—16 1. N . R PO P R T P e 1

>176 . . . . . e | ss | oo .

n represents the total number of observations and
C represents the percentage number of cases when speed was 5 km /hr or less.
® 0-5 km. 18 above surface , all other heights are above m.s.1.
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS

BEGUMPET.
Speed
hmts n |C|N|NE|E |SE|S |SW|W|NW||n [C [N |NE|E |[SE|S [SW| W |[NW
km /br.
MAY. JUNE.
Surface

6—25 [|178 | 33 1] .. 6 3 1] 712601221164} 21 .. . 1 7168\ 19

05 Km.*

6—25 5| 11y. 2| 3| 8, 71 6 | . 1 1. 3 1
26—860 176 | I 9 1) 3| 2|13|11 |16 159 | 0 1 .e . 2137 28
51—15 6 1 1 . 7 . . . . .. |18 8

>75 I . N R P I B O
10 Km, .

6—25 8 . 21 5, 7 1 . 2 2
26—50 69| 015 2 2({10|14| 141l 64} 0] 2 9(48 | 19
5175 . 210 2|13 2

>15 . . 21| .
2 0 Km

6—25 11 6, 7, 6;11:10, 7 8 8 1 3 1 6|13 19
20—60 |175| 1|16 2| 2| 1| L| 3| 3| 6(139)| 0] & l 1| 4|12 14
51—76 1 . [ 2

> l 1| 1} 1
30 Km

6—25 1712414 8 1 3, 6, 8 7 7 7 10,10 11 9
26—60 178 2| 4| 8 2 . . 1 1 |{120 | 10 3 3 1 2 b 3 6 3
51—176 1 1. . . 1 2 . . 3] .

>15 PO AR . . 1{ .
JULY. AUGUST.
Surface

8—25 l75| 2. e jos ) ee | 1072 T 11178 | 16 . 1 3 1] 658 13

26—50 ‘ I I l . l 1| 8 ‘ . l . A A I
05 Km*

6—25 |° . 1) 1, 3, 1y 1[1 5, 3, 2| 4
26—50 164 0] 1 20 | 18 (166 | 1 1]. 1 3 1/18| 20
8175 . . 45 1 . 34 3

> . . . . 5 . . 1| ..
10 Km.

6—25 . 8 . 6 3| 3; 8 3
26—50 58| 0 . . . . 21(15(|178| 0 1 3 1119 | 21
51—1756 . . 45 | 4 . N . 31 3

>76 ee | . . . 8. . . . . .
2 0 Km,

6—25 3 1y 2y 7| 4 4| 4| 4 3 1{ 5112 11
26—50 118 | 1 . . 112615118 3] 1| .. | . . . 1119} 10
51—15 . [ T 24110 . P . 156 4

> . . . . 5| 2 [ P RO 1] ..
8 0 Km.

6—25 3 e | 113,16, 13 4| 4, 8|1 2 2|, 9|12 | 11
26—50 er1| 1). . . . 3|/3)| 6} 8| 7 T T 421 4
5176 . . . . 91 1 el el el el oa] | ¢ 1

n represents the total number of observations and
O represents the percentage number of cases when speed was 5 km./hr. or less.
* 0-5 km. 18 above surface ; all other heights are above m. . 1.
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WIN DS,
BEGUMPET.
Speed Aw [ Nw
hmts |n |C | N [NE[E [SE|S [SW|W [NW||n |[C |N |NE|E |SE|S |sw| W |NW
km /br. |
SEPTEMBER. OCTOBER.
Surface.
6—25 [176 21| 1! 1. | 65|41\28(190 73] 4 1| 3| 3|. | 4] 7| &
05 Km.*
6—25 4)5) 31 6| 2 2, 6) 8 61526 11| 3| 1| 2| 3
2650 |57 0] 1] 1 111331186 1| 3| 8f10| 2|. | 1| 8| 2
51—75 Ljlo| 8 1. |. 2| 1
>76 . | . N I
10 Km
25 Lo+ 1 71 17 £} 7| 8, 6 21 28 1 1
2050 |71 0 L Lip7iaty 85| 0o 4] 9 11\2 2| 1
51-75 1016 |1t ] 1 2| .
P | | I i I .
| 1
2 0 Km.
6—25 . 9,10 b2, 2 2, 5,12 1223122 4. 1, 1, 3, &
2650 |10, 3 3| ] | zj2tiaslees| 1] 5|78 o| 2| 2| 3
51—75 \ 34 1|1 .
=15 | | | |
L | l
30 Km
6—25 ! 0 7110 4, 15 15 160 | 912,20 4) 2 3 410
26-30 fw02' 2| 31 71 '; ts e to2 | £ 2] 7| 4] 3| 1{ 1
51—75 | ! 1.
>15 l , l o . .
| ' S
NOVEMBER DECEMBER,
Surface
625 186 | 81| 6| 3| 4| 5 .. - 3 108 83| 3, 2, 2, 9 ]2
|
95 Km*
6—35 512420, 12 1 1 2112,36(23) 65;° 1| 1
2630 lso| 1) 2|15 8| 2 188 | 1 4l 7|7 1)1 .
51—15 1 . 1 1
> |
10 Km
6—25 6,329, 9, I 2| 7,243 5
2630 |77| o 1}13]. 3 83| 1 1 711B| 1). .
51—75 1. .
>15 A I I . o
2 0 Km,
6—38 1224115 4\ 4) 1| 2y 5y 112117 6| 4| 2, 4| 10
2650 |63 | 4| 4 18| 8| 1 . 88| 5| s+l 8|6 1 .
5115 .. . 11 S
> S I . . .
8 0 Km
6—25 1212624 7, 4, 2, 3| 1 11,1416 6| 5, 3| 8 11
2650 |56 | «| 3| 8| 6 < Lijgrr| 7] 5| 3| 7 2| 4| 1
51—15 N I I I T I S IO P I
> SR [ IO I I - el IS [

n represents the total number of observations and

C represents the percentage number of cases when speed was & km./br. or lees.
* 06 km. 18 above surfaco, all other heights are above m.s.l
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS.

DELHI.
|
Speed N , X :
Lmuts n |C|N|NE|E SE |S [SW|WNW(n {C |N|NE|E [SE|S |sw]| W |NW
km /br I
JANUARY. FEBRUARY
Surface.
6—25 | 60 | 57 2| 3)..| 3120(1556166]..1 .| 2| 4]..1 23| 7| 2
05 Km*
6—25 10 2] 3 3: 6534 5} 4] 4, 7111 2,18 13
2650 |59] 3 3| 3 2] 31 ul 5] 2 6 .| .12
51—175 2 R R
>75 I . SO IDON O
10 Km
6—26 2|1 2| 3 31 3,17, 29 7 | 2] 7|14 511 18
2650 |s0| 2 . 2| 2 2i32) 68| 2 | 6| 2| 2] 2
5115 . . 2 ol
> . | A
20 Km
6—25 2 9121821 7 | 41 2] 6115117, 9
2650 |67| 2| 2 5 12/18153( 0 12 4|13| 19
51—15 i by . 2
>15 i . oo
l l |
30 Km
6—25 | 4 6,13 2 \ | 2 2‘ 9 9| 9
2650 |48 | 0 1B3(39[15)|4' 0 i 16| 25] 20
51—175 2| 2| 4 : . 2| 2| 2
>5 . \ l | 1.
|
MARCH APRIL.
Surface
625 |6s(51] . 5| 2 3:123,16160(50) 2| 2..| 3 2128 13
05 Km*
625 | 8| 2) 26| 6 4116 0 2, 2 5316 3 9
2650 je2| 5| 6| 2| 2| 2 20 (68| 51 3 'a | .| 2| @
5116 [ | 2 .|l 23
>15 2 | I o .
1 !
10 Km.
6—25 65| 6y 2| 6| 2| 65| 818 15 \ 2|3, 218|715
2650 |ea| 5 2. 31|l 58| 3 J 3| 8
51—175 . 2|8 ) 2| 2
>76 . . 2 l I .
2 0 Km
6—25 2 9 2) 8| 7,18 2) 2 2 2] 711615
2650 [60| 2 | 3|12 28155 2] ]2 13| 21
5175 2|13 16
>8 . . 2 i
30 Km
6—26 711115 |2 2113 2 2
2650 |83 0 . 2117|231 48| 0 4| 212 22
8115 . .l 9| 9 S
>15 . . 2 4

n represents the total number of observations and

C represents the percentage number of cases when spced was 5 km /hr or less.
* 0-8 km. 18 above surface , all other heights are above m s.1.

M20DGofOb.
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NORMAL PERCENTAGE FREQUENCIES OF SURFACE AND UPPER WINDS

DELHI.

Speed
hnuts o |]CININE(E |[SE|S [sSW|W |NW(|[n |C [N INE|E |[SBE|S8 [SW|W NW
km /hr.

MAY. JUNE.
Surface.
6—25 621491 2 3| 3, 6. 6123, 8[,60(43] 3 13| 8. 3120 8
05 Km.*

6—25 81 6| 21 6] & 111 15 3| 7| 2|10 6] 2| 2 3
26—50 62| 2| 3. 8| 2 13|15(|60| 0} 3| 2 12| 6| 2| 6| 23
51—15 o 2 3| 2 5 8

>76 . | . | 2
1 0 Km

6—25 3 71 7] 21 7] 812 5, 3| 3|1 9| 7| 2| 2| 12
26—50 61 3 . 3 2 10 | 18 || 58 2 3 2|10 2 5| 19
51—16 2 3| 1 . .12 9

> . 3
2 0 Km

6—25 71 3| 2 2| 911210 6| 2| 6| 2( 6 14| 16
26—50 68| & 14| 2( 50| 0] 6 2| 2 6| 26
51—16 10 2 4

>16 .

3 0 Km.

6—26 2|1 2| 2 21 7111 2 14y 3| 3|10 71 7| 17
26—50 6| 4 2115|241 20| 0] 3 3 7| 17
51—15 2120 7

>76 . 2 .
JULY. AUGUST
Surface

6—26 61:567) 3, 311011 3|11, . 62|42 3|18, 6 6|18 (]

26—50 . . l . .
05 Km*

6—25 5 3, 71 9| 85| 3|15 & 2( 7|19 3| 7| 3 2
26—50 58| & .| 3]10 2114 | 6|69 7 3(13]. 12
51—16 3 2 2 17 3

>16 o . 2 .

10 Km,

6—25 4| 2113 7| 4y 511113 3| 2| 9(14| 3| 9} 7
26—50 56| ¢4 219 2| 91 6|/ 68| 3 5|14 2(. |10]| 12
51—16 2| 4 4 1]. 3 3
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