INTRODUCTION

With the increased tempo of U.S. Navy operations in the Indian Ocean, there has been a matching
increase in concern over the environmental support available to the Fleet meteorologists. As part of
the NAVENVPREDRSCHFAC effort to improve that support, this Command has reprinted a series of meteor-
ological handbooks -- collectively titled Weather In The Indian Ocean -- that were originally issued
by the British Government in the 1940-44 time frame.

These handbooks, published as three volumes in a total of twelve parts, were prepared by the
Meteorological Office, Air Ministry, in cooperation with the Naval Meteorological Branch, Admiralty,
London. Titles of all volumes/parts in the series are given below.

Because the series has long been out of print, the NAVENVPREDRSCHFAC has obtained permission to

“reprint and distribute the handbooks to U.S, Navy units. As in the original publication, this new
reprinting ultimately will comprise twelve individual books, each marked with volume and part number;

the reprint set is distributed as NAVENVPREDRSCHFAC Technical Bulletin 80-02, April 1980. The books

are three-hole-punched for collection into ring binders. There has been no editing or changing of
the original material. :

Users of the series should be alert to the fact that a number of place names used in the
original writing have changed over the intervening years. ' :

Volumes/parts titles in the series are as follows:

Vol. i ---- Weather In The Indian Ocean - General Information (in one part)

Vol. Il --- Weather In The Indian Ocean to Latitude 30%s and Longitude 95°F including
the Red Sea and Persian Gulf (in nine parts; see parts titles below)

Vol. III -- Weather In The Indian Ocean - Aids To Forecasting (in two parts:
1, Indian Ocean; and 2, North Indian Ocean)

Parts titles, Volume II (local information):

Red Sea

The Gulf of Aden and West Arabian Sea to Longitude 00°E

. The Persian Gulf and Gulf of Oman

. The Makran Coast from Gwadar to Karachi and the West Coast of India to Latitude 20°N

West Coast of India from Latitude 20°N to Cape Comorin, with an Appendix on Conditions at Bombay

A. East Coast of India from Cape Comorin to the Ganges Delta -- B. Ceylon
The Coast of Burma '

The South Indian Ocean to Latitude 30°s,
Coast of East Africa from the Equator to Cape Delgado
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THE MAKRAN COAST
FROM GWADAR TO KARACHI

AND

THE WEST COAST OF INDIA
TO LATITUDE 20° N.

INCLUDING

THAT PORTION OF THE ARABIAN SEA TO THE NORTH OF LATITUDE
20°N. AND TO THE EAST OF A LINE DRAWN BETWEEN
RAS AL HADD AND GWADAR

e e

I—-GENERAL

The Makran coast from Gwadar eastwards runs practically
due east, and is approximately 250 nautical miles in length. It
" conmsists of a low-lying strip of land which forms a narrow border
to the high tablelands of Baluchistan.

The coast of India from about 70 miles north of Karachi to
latitude 20° N. runs in a south-easterly and southerly direction, and
this portion of the coast is on the whole very low-lying, the lowland
region in places extending some distance inland. It is part of the
Bombay Presidency, and includes the coasts of Sind, Cutch and
Kathiawar, which is a portion of the province of Gujarat, and the
shores of the Gulf of Cambay. The lower Indus valley, which joins
the coast line between Karachi and Cutch, is a very dry plain and the
state of Cutch is a barren, rocky, treeless country. The province
of Gujarat, although on the whole a low-lying region, has numerous
hills; the Kathiawar peninsula is generally undulating with low
ranges of hills running in irrcgular directions, the south-eastern

portion having extensive mountainous districts, and the northern

portion being almost universally flat.

_ Whereas in the Persian gulf, the gulf of Oman and the western
part of the Makran coast winter is the period of most disturbed
weather, on the Makran coast from Gwadar eastwards summer is the

period when the weather is most disturbed. This change occurs:
approximately in the neighbourhood of Gwadar, and is due to the
fact that the SW. monsoon, which blows over the Arabian Sea from
June to September, affects the Makran coast from Gwadar eastwards
but has little effect on the western part of that coast. The SW. .
monsoon has a great influence also on the weather of the west coast

of India fromn Karachi southwards.

Tropical depressions and cyclones occasionally affect the arca

during the months from April to November. Severe storms are
very infrequent,

i
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In accordance with the practice of the India Meteorological
Department the year has been divided into the following four

| NCASONS —

(i) The cool season (December to March).
(ii) The hot scason (April and May).
(iii) The SW. monsoon (Junc to September).
(iv) The post SW. monsoon or interim period (October and
. November). :
In this region the term * hot scason * is somewhat of a misnomer
as 'May and June are the hottest months of the year.

During the cool season the weather may be disturbed at intervals

‘by the passage of well-marked western disturbances. The NE.

monsoon is the predominating influence during these months and
the surface winds are mainly north-easterly in December backing
to north and west as the scason advances; land and sea breezes
also are felt on the coasts. There is very little cloud and there are
many days with clear skies. This is a dry season; any rain that
falls is almost entirely associated with western depressions and rarely
falls further east than Karachi. The rainfall is very variable from
year to year, and even on the Makran coast it is not infrequent for
any of the months to be rainless, although in some years the
rainfall may be heavy.

' On the coast frost is practically unknown and high temperatures
have sometimes occurred, but on the whole the temperature varies
very little throughout the cool season. At Karachi the climate
can be pleasant and at times even cool and bracing, the relative
humidity being comparatively low. '

The hot season of April and May sometimes lasts to nearly the
end of June in lower Sind and to the middle of that month in
Gujarat. The surface winds are mainly between NW. and SW.
and calms are frequent, but on the eastern part of the Makran coast
May is the most windy and dusty month of the year, and the dust
affects the visibility to some extent. On the coast to the south of
Karachi there is an increase in cloud amount during these months,
but on the Makran coast there are many days with clear skies in
April, and the amount of cloud does not begin to increase until
May or even June. This season is a period of dry weather and the
average number of rain days in the region is less than two at all
places. Any rain that occurs is usually associated with thunder-
storms. ‘ '

~ As the season advances the temperature rises rapidly in all parts,
and some of the highest temperatures in India have been recorded
in this north-west area in June; they vary from 115° to 126° F.
in the different districts. The relative humidity shows a slight
increasc during the season over the whole region. ' i

The SW. monsoon arrives about the middle of June and lasﬁ
until the end of September; it is heralded by cloudy weather with
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scud flying overhead, occasional shuwers and strong winds which at .

times rise to a fresh gale. An indication of its arrival is a falling

barometer and a heavy swell from a south-westerly or westerly .
direction ; the heavy swell may be in evidence before there dire?

any other signs.  On the coasts of Sind, Cutch and Kathiawar the®
heavy swell begins in the middle of May and continues with varying

intensity until the end of the monsoon ; small vessels will not put;
to sea when the swell begins. On the eastern part of the Makran
coast rough scas and a heavy southerly swell are experienced in
June and continue throughout the season.

During the SW. monsoon the surface winds on the coast of India
between Karachi and latitude 20° N. are mainly between SW. and.
WSW., and on the eastern part of the Makran coast they are
westerly and south-westerly. The skies during this scason are much
more overcast than during the other months of the year, and much
low cloud occurs. Days with a clear sky are rare, except on the
Makran coast where the monsoon is not felt to so great an extent.
as on the coast of the Indian peninsula.

The rainfall during these months is associated with the SW:
monsoon and also with any eastern depressions that occur. It is
heaviest in the south of the region and decreases rapidly northwards.
On the Makran coast the season is practically rainless and at
Karachi, where there is, on the whole, very little rain, the SW.
monsoon has not the same moderating effect on the hot weather
as it has farther south. In the southern part of the region, where
the rainfall is comparatively heavy, July is the wettest month,
rain occurring on about one day in two.

Over most of the regibn June is the hottest month of the year
on the average, but on the coast in the south the temperature
becomes reduced slightly towards the end of June owing to the
arrival of the SW. monsoon. The effect of the SW. monsoon is
shown by a fall of tempcrature everywhere in July, and this fall is
more pronounced on the coast of the Bombay Presidency than ofi
the Makran coast. In August the temperature shows a further
slight fall, but towards the end of September as the monsoon recedes
the sky becomes clearer and the day temperatures rise again
slightly. -

Th¢ relative humidity is comparatively high throughout thc
season and is uniform along the coast; August is usually the-
month with the highést values. .

During the post monsoon or interim period of October and
November the weather is dry and in the latter part of the scason
the temperature falls rapidly.  The surface winds over the whole
region become light and variable, and land and sea breezes again
prevail. It is the period of least cloudiness ; there are many days
with clear skies, and the rainfall is small in all parts. The day
_temperatures in October show a slight rise above those in September |

i
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owing to the departiire of thi motisoon, but in Noviimber there 1s
- decided fall over thie whole region.
The relative humidity everywhere falls with the withdrawal of
the SW. monsoon; and the values in October are aboul 10 per cent,
below those in September, .

II—DEPRESSIONS AND TROPICAL CYCLONES

There are two types of depression that affect the area undet
considcration, known respectively as  western  depressions  and
eastern depressions ; with the eastern depressions are included
tropical cvelones. 1t is proposed here to deal briefly only with
those depressions and tropical cyclones that affect this region,
and their probablé frequency of occurrence. For fuller information
about tropical cyclones in the Indian ocean as a whole Volume 1
should be consulted. i

1.—-WESTERN DEPRESSIONS

"Western depressions are dealt with more fully in Part 3. They
may be expericnced at any time during the six months from
November to April, and on that account are often called winter
depressions. They come from the west and move in an easterly
direction. The average number of depressions likely to occur during
the year is about 26, distributed throughout the months as follows :
November, 3; December, January and Match, 4 each; February
and April, 5 each ; May to October,practically none. Their frequency
varies very much from year to year; during a period of 45 years the
greatest number affecting north-west India in a year was 56, and
the least number only 7. ’

Western depressions are vigorous over the Persian Gulf and
decrease in intensity castwards ; their intensity somctimes increases
again when they reach the Indian frontier and vigorous effects are
noticed over north-west India. In the area under consideration
here, namely the northern part of the Arabian sea, the Makran
coast and the coasts of Sind, Cutch and Kathiawar, the passage of a
western depression may give rise to local gales and squally weather.
Western depressions are directly or indirectly responsible for the
occurrence of most of the severe local storms of the hot weather.

A local storm associated with a western depression occurred at
Karachi on November 27-8, 1928. The following description is
taken from the India Weather Review for that year.

At 1910 (local time) of the™ 27th a sudden squall accompanied by
blinding flashes of lightning and a torrential downpour of rain took place.
‘The squall lasted three minutes; and for two minutes the speed of the wind
was about 40 knots. Another severe squall, also of short duration,.passed
over the town at 0230 on the 28th. A certain amount of damage was caused,
houses and huts were unroofed, telegraph lines were damaged and trees
uprooted. Many fishing boats capsized and two lives were lost. ’
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o _EASTERN DEPRESSIONS AND TROPICAL CYCLONYS

These depressions originate in the Arabian sea and the Bay of
Bengal or occasionally in central India ;. when not very v1gprlo:i:
they are known as depressions, but when they develop more viole
characteristics they are called tropical cyclones.
In practice the India Mctepro!ogical'Dep'artme.nt uses t'h«;ltgrm‘
“ depression * for those cyclonic .cn"culatlons in which the }vnqn’ - ?}fs
not reach gale force, i.c. when it 1s Beaufort force 7 or | gss o:‘
depression becomes a tropical cyclone when there is cvi ane’ha‘
reason to believe, that the wind in a part of the cyclonic area thi
risen to gale force, i.c. force 8; with a wind of force 10 or more the
rm is said to be severe. .
o Eastern depressions and tropical cyclones  are _prla.cn;:atlily.
unknown in the cool season, when the north-casterly winds ([) d"“
NE. monsoon arc in full posscssion of the scas around n‘ ia.
During the SW. monsoon monghs :}l&}o, froxp about mnlljm\x‘cy; to
September, when winds of occanic origin dominate the who ctzl tsblgn;
fully devcloped tropical cyclones are extrcmely rare, thoug tsxrm;,.
this period depressions may occasionally affect. the reglg)n.‘ ; om«i
of these depressions form in the Arabian sea and others ‘aray:f‘
across India from the Bay of Bengal. The former gencrally on,,.lga ¢
somewhere off the coast of the Bombay Presidency, and ten d’t_o
move in a north-north-westerly direction. They may cnter India
near Gujarat or travel in a more westerly direction into ﬂ:]c extrﬁrr!ef
north of the Arabian sca and reach the Makran coast. Tt e;c
depressions are associated with .a‘revxval of the monscon winds
after a period of temporary inactivity ; they causc heavy monsoon
rain over the coast of India, but further west on the Makran coast
they give only squally overcast weather and occasxon(al passing
showers, although there may be duststorms, rough scas and heavy
swell.
The depressions which form at the head of the Bay of Bengal
travel westwards over the land ; they sometimes appear to die out
over central India or the United Provinces, but become miore active
again over Rajputana where they meet the fresh monsoon air from
the Arabian sea. They may then give rise to cloudy weather,
stormy winds and rainfall over Sind and the extreme eastern section
of the Makran coast. Sometimes one of these depressions passes
through Sind and Gujarat and enters the North Arabian sca off
" Makran causing heavy rain, rough seas and squally weather between
Pasni and Karachi, and light passing showers, duststorms, rough
scas and squally weather farther west. . .

A storm such as this occurred in the vicinity of Karachi at the
beginning of September 1926, and a.brw‘f account of it, based on
i information in the India Weather Review, is given here.

On August 31 a fall of pressure had occurred over the Gangetic plain
| and Rajputana, and it could be seen that a shallow depression was situated
over the southern United Provinees, upper central India and cast Rajputana.

BRI
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Ry the mornmg of September 1 this Jow . presaure area hadd deseloped imto
a well-marked depression, and by the morning of September 3 the depression
could be classed av a typoad eastern depression. Tts centre was then
situated jast to the north-cast of Dhuj (237 157 N, 667 407 F.) at usu (local
time} and moderately strong winds were repotted from land stations around
the storm. At wea off the Kathinves and Cuteh coasts siups were
experiencing . rough seas, bheavy swol and frequem heavy  vam-sgualls |
accompanied by winds of gaie fares. i

~ The storm passed over Khoj about midday on the 3rd, and at 1700 the
wind at that place bad risen to a gole andats direction was SW.  The ston,
at this time, was partlv over the Jand and partly over ihe sea to the westward
oi +huj, and its further west-south-westerly movement appears to have
stopicid.  The S.8. Mareda which was theu probably about 100 miles oft
the coea roported that from midday she was experiending westerly winds of
Beau! it fsee 8 0 9, rouph seas, continuous ram and frequent squalls,

The et path followed by the centre of the depression after this s
uncertain it may have cither kept over (he mand or followed the coast line.
[t moved, however, in a north-westerly direction, and by 0808 (local time)
Suptember 4 the contre was situated about 56 to 160 miles south-cast of
Karachi.

At 0500 (local time) on ihe 4th, Warachi had strong north-north-casterly
winds with squally weathicr, Bhj had a strong sontherly wind with squally
weather, and the 5.8, Laroda (about 200 miles south-south-west of Karachi)
had winds of gale force from WSW. Subsequently during the 4th, ships
continued to report gales and rough scas, but the wind at Karachi changed
to north, indicating that the centre was stiil to the eastward of Karachi
and moving in a northerly direction. : .

The slow northerly or north-nerth-casterly movement of the centre
continued, the storm dissipating rapidly while passing over Sind. From
the afternoon of the 4th, continucus ram feli at iarachi for 35 hours and
a total of 35 min. (14-1 in.) was rocorded at Manora observatory, which
is nearly double the normal annual amount fer that place.

The log of &.5. Varsova, which was bound for Karachi from Bombay,
showed that this siorm had not weakened appreciably at sea until it passed
near Karachi.

Fully developed tropical cyclones most frequently occur in the
months before and after the SW. monsoon. On an average one or
two severe cyclones may be expected to form in the Indian seas
in the ante SW. monsoon period and iwe or three in the post SW.
monsoon period, but not all of these, cvea when they form in the
Arabian sea, affect the region under consideration here. A table
of th: frequency of tropical cyclones in the Arabian sca in the
difierent months is given on page 8 of Part 3. :

The tracks of tropica! cyciones in each month, over the Arabina
sca as-a wheie, are deseribod in Pait §, pages 9-11.  In the northern
part of the sea tie sterims may move 11 any direction between wesi
and north-onst, :

The wnurnber that have affected the Makran coast between
Gwadar and karachi from 1847 to 19291 only 17 ; their distribution
is as follows: April 1, May 4, June 9, September 2, November 1;
there were sone in any other months of the year.  In addition, the
coast scuih of Karchi is sumetimes affected by storms which do
nect reach the Makean coast, more especicdly in October and November
and occasionaliy also in June and July.
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- A very destructive feature of these storms on the coast of India
is thc storm wave which sometimes accompanies them. This is
caused by the piling up of the water in the inner storm area which
advances with the storm. If the storm strikes the coast when
the normal tidal wave is at high water then any low-lying land may.
be suddenly flooded. Flooding to a depth of 30 fect has been known,
and a tremendous loss of life in thickly populated districts may
ensue.

The following is an account of a severe tropical cyclone which
occurred in the Arabian sea in the vicinity of Karachi on June 3 to

Eastern depressions and tropical cvclones

' 6, 1907. All times quoted are local time. .

On June 3 there was disturbed weather in the Arabian sca to the north-

west of Bombay, and on the 4th the storm had its centre situated off the coust
between Bombay and Karachi. The disturbance had still further developed
on the 5th, and the centre had moved to the northward but was still over
the sea, being at 0800 about 200 miles to the south of Karachi. At 0800 on
the 6th the centre was close to Karachi where a strong gale, with a wind
speed of about 65 knots, was reported. At noon a hard gale with hurricanc
squalls was being experienced and a high sea was runniuy in the harbour
at Karachi, the barometer being then at its lowest at that place, 9888 mb.
At 1300 the wind shifted to SSW. in most furious squalls, a wind speed. of
nearly 75 knots was said to have been reached by the anemometer. At 1800
the direction of the wind was W. by S. and the baromcter had' risen to

999-0 mb. ; after this the weather moderated and by the following morning

_ the storm has passed inland and had almost disappeared.

A ship which left Bombay on June 3 ran into this storm, and at midnight

 on June 5 to 6 the barometer-on board had fallen to 988-8 mb. and a strong

. gale from ESE. was blowing, accompanied by terrific squalls of rain and

" for 1920, reférs to a severe Arabian sea storm that occurred in June -
- 1920 and affected the Kathiawar coast.

a heavy confused sea. By 0300 on June 6 the wind had shifted to-NNE.
and the barometer had fallen to 979-3 mb., the lowest reading obtained.
Later the wind shifted to NW. and the storm had evidently passed the ship
by 0700, as the barometeg was then rising and the wind was dropping.

The following description, based on the India Weather Review

All the times quoted are
local time.

The storm formed on June 6, 1920 in about Lat. 14° N. and Long. 70° E.
and it appears to have moved in a north-north-westerly direction,  On the
morning of the 8th the position of the centre was about 17° N., 68° L., and
it then appears to have taken a rather unusual course for a storm occurring
in this season as it changed its course to north and north-cast and advanced
towards the Kathiawar coast. A storm of -this type generally moves very

. rapidly on approaching the coast and dissipates quickly on proceeding

inland, but in this case the storm moved remarkably slowly, covering a

" distance of roughly 100 miles in 36 hours so that at 0800 on the 11th it lay

: about 30 miles south-west of Veraval (20° 54° N., 70° 22° E.).

The centre
passed to the east of a ship bound from Basra to Bombay carly on thc

- morning of June 11, and from 0800 until noon this ship reported that the

. squalls blew the ship bodily to the south-east at about 3-5 knots.

water. A\ native vessel, whilst procecding from Goa to Broac

violence of the sea and its irregularity baffled description. The north-west
Another
ship, the 8.8, Chakdina, whose noon position on the 11th was approximately
19° N., 70" E., also bound from. Basra to Bombay, passcd about 70 miles

-to the south of the centre of the storm and met with squalls of hurricane

force, constant rain and a very high confused sea, and frequently shipped
h, stranded
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{ on a sandbank off the Lubara lighthouse in the Gulf of Cambay on the 1th

!?‘nd subsequently becamc a total loss; five of the crew of mne lost their

i lives.

) The storm crossed the coast of Kathiawar at Veraval on the 11th, The
barometer thete fell 271 mb. between 0800 and 1700 on the 11th, and it
rose in the rear of the storm 31-5 mb. by 1100 on the 12th; the depth below
normal at 1700 on the 11th was 47-4 mb.

Still moving very slowly the centre lay not far from, Rajkot, situated in
the centre of Kathiawar, on the morning of the 13th, after which the storm
rapidly weakened and disappeared on the morning of the 15th over north
Gujarat. ’

During the first two days that the storm was over the land a great deal
of damage was done to buildings, trees and telegraph lines but there was
practically no loss of life. At Veraval the wind reached a maximum speecd
of about 83 knots on the 12th and continued with urabated fury till the 14th.

A couple of davs alter this stonn subsided, the tide in the Gulf of Cambay
rose to the hignest level previouslv recorded, and it rosc still higher on
June i7 and 18, reaching to one foot above the previous maximum. Thirty-
one villages in the Ahmedabad and Broach districts were flooded.

III—WIND
1.—SURFACE WINDS

Wind roses showing the mean frequencics of the wind from
different directions for each of the twelve months are reproduced
in Figs. 2-5. The two roses for the open sea are compiled from ships’
observations and show both direction and force, but for the stations
on the coast only the direction of the wind, at 0800 (local time),

~is shown as information of the force is not available. The
corresponding data for°the sea are given in Table II, and for places
on the coast in the general climatological tables, except those for
Gwadar which are included in Part 3. ‘

In the general climatological tables additional data of the wind
direction in the afternoon are included in order to show the diurnal
variation, and information is given also of the average wind speed
over the 24 hours. The percentage frequency of winds of different
forces at the morning and afternoon hours of observation for Pasni,
Karachi (Manora), Dwarka and Veraval is given in Table III.

Throughout the whole area the northerly winds of the NE.
monsoon predominate from November to March, and the southerly
winds of the SW. monsoon from June to September. In the
transition months, April-May and October-November, when the
monsoons are changing, the winds are variable in most places. The
south-westerly winds of the SW. monsoon are much stronger than
the nortii-easterly winds of the NE. monsoon as the pressure
gradient is steeper. ‘

' Seasonal variation

Ceol season (December to March).—December, January and
February are the months when the NE. monsoon wind is steadiest :
in March its steadiness begins to diminish everywhere and north-
westerly winds become frequent. The predominating winds on the
Makran coast in March are westerly or north-westerly. ‘

: O
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In the northern part of the Arabian sea the wind is on the whole
light, and it is not often that it exceeds Beaufort force 3; it blows

from NNE. in December but it becomes north-westerly or even

westerly in the latter part of the scason.

On the castern part of the Makran coast and on the coast of '

north-west India these monsoon winds are generally light and
northerly, but winds from all directions between NW. and E. are

" frequent. From November to March the prevailing surface winds

over Sind are from the land and the normal dircction 1< between

" NW. and NE., the actual direction and strength of the wind being

determined by the position and intensity of the winter anticyclone
situated over north-west India.

Land and sea breezes arc usually felt near the coast during the
NE. monsoon. The sea breeze is generally felt iv the daytime, but
at times a wind from off the land may blow contiruvously for a day
or two. On the Makran coast the sea breeze is su persiztent that it
almost completely overcomes the monsoon winds in the daytime,
this is especially noticeable at the beginning and end «f the season.

Western depressions sometimes pass from west to vast through
Iran to northern India during these months, and whilst one of these

depressions is passing a change in wind direction takes place and -

southerly ‘winds will probably be experienced.

Hot season (April and Mav).—The winds during these months
are variable over most of the region. In the northern part of the
Arabian sea in April the winds are mostly between SW. and N.
in the east, and either SW. or W. in the west, but in May they are
almost entirely W. or SW.

On the coasts in April the winds are mainly westerly and south-
westerly, light to moderate, but northerly winds are still fairly
frequent in the Gulf of Cambay. Near Karachi strong winds may
be expected on about 8 days durirg the month. In May on the east

| Makran coast the winds are moderate to strong from a westerly
' to south-westerly direction:

SW. monsoon (June to September).—The time of onset of the
SW. monsoon varies considerably in diffcrent places. In the western
part of the north Arabian sea the SW. monsoon winds usually begin
to blow in May but they do not reach the castern part of the Makran

. coast or the coasts of Sind, Cutch and Kathiawar until June. At

Karachi the SW. monsoon usually sets in between about June 6
and July 10. i

On the coasts of Sind, Cutch, and Kathiawar, the monsoon starts
with a fow days or even a fortnight's hard blow from betwern SW.
and WSW. After the first blow the wind generallv moderates, but
SW. winds continue to blow strongly throughout July and August.
On the castern part of the Makran coast the mon=oon winds are W,
to SW. : they becomie Tully establizhed e July when thiey blow with
modetate stengthe ACmpht the wind ecand to veer several pouits
to the westward, ‘

r—o: . .
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F1G. 4—SURFACE WINDS AND SEA TEMPERATURE—MONTHLY

‘The figures inside the circles indicate the percentage frequency of calms, and

those below the roses for the sea areas the number of observations. On the

roses for the coastal stations the wind force is not indicated ; these roses refer

to the momning hour of observation, approximate ly 0800 local time. The wind !
rose for Pasni is. displaced slightly to the north.

The isotherm of sea tcmpemture Ior 80° F. is mdxcatcd by the thick line, '
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The figures nside the cirddes indicute the pereentage frequencey of calms, and
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The average force of the wind over the open sca in June and
July is 5 or 6 of the Beaufort scale, but it reaches gale foree at times
in squalls.  In August the force shows a marked decrease. North
of latitude 200 N. the wind does not blow so strongly as farther
south. ' , :

In September the SW. monsoon starts to reeede over the whele
area.  The winds wezken rapidly and in nost parts the influence
of the monsoon comes to an end during this month, but it does rot
disappear from the western part of the north Arabian sca until the
end of October.

Transition period (October and November).—Aftor the withdrawal
of the SW: monsoon the winds over the whole regivn bocome light
and variable, and land and sca breezes prevail. The NE. monsoon
winds normally begin to blow over this region in October ; they set
in earlier over the land than over the sca, and by the middle of
November they are blowing fairly regularly. In October when the
NE. monsoon is not in cornplete domination there are frequent calms
and light winds from a westcrly direction. In'the neighbourhood of
Karachi westerly winds lose their importance in November, and the
winds are mainly northerly and light. ' S

Land and sea breezes.—~The diurnal variation in the dircction of
the wind in different parts of the coast is illustrated in Fig. 6 by
wind roses showing the direction of the surface winds in the morning
and afternoon in four months, cach representative of one of the
four seasons, namely, Januvary, the NE. monsoon ; April, the hot
season ; July, the SW. monsoon; and October, the intcrim period
after the SW. monsoon. The corresponding data are given in the
general climatological tables—- LT ’ :

The regular alternation of land and sea breezes is only likely to
be apparent when the prevailing wind is light; in this region,
therefore, it is only likely to be experienced from October to March.
During the SW. monsoon, when the wind blows strongly from the
sea, there is very little.change of dircction during the 24 hours.

The direction and timc of onset of land and sea breezes vary from
place to place, and it is difficult to make accurate generalisations.
Broadly speaking, however, in the region under consideration the
land breeze weakens at about 0900 and dies away to a calm about
noon; the sea breeze sets in soon afterwards and increases in
strength as the afternoon advances. The wind falls calm at sunset,
and continues calm until between 2000 and 2200 when the land
breeze starts to blow again; this calm period in the evening does
not occur in all places. At first the land breeze is a gentle fluctuating
wind, but it soon becomes stcady and continues so until 0900 or
1000 the next morning. . :

On the Makran coast the lund breeze sets in at midnight or some
hours later from between NNE. and ENE., veering gradually
eastward ; before noon a calm usually occurs, or a light SE. wind

_blows which veers to SW. in the afternoon.
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At Pasnt and Oomara observations from Jan. 1930 - June 1934 were

at 1830, and from July 1934 Dec 1937, at 1630
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420 Makran coast

At Karachi there are local land and sei breer< from Qetober to
March or April.  The following table gives the avere o dirccton ad
specd of the wind at intervals of four hours in cachi month of the

yuar.

The large variation in direction during the

KYOR

maonsoon,

comparcd with the comparative constancy during tie W, monsoon,
Dhuring the conl season cabms are numerons during

is clearly shown,

the night hours, from 2100 to 0800, but are rare from 1000 fo 1900,

KafaChi.-—DIURNAL VARIATION Ol;-' WIND BIRECLIION AND SPEED

Period : 1873--94
Tame Jan. Feb. Mar. Apr Ma\ jum. _lulv Aug "?(.pt Oct. Nm Dee.
o . degrees /wm .\’m!h B - ES T
0000 331 280 239 251 248 239 244 248 250 262 298 9
0400 7319 269 237 251 246 248 253 257 272 336 11
0800 26 356 274 258 251 249 232 254 259 282 10 24
1200 49 235 243 240 241 239, 246 248 248 240 204 65
1600 208 238 240 238 238 235 239 241 243 237 231 214
2000 275 256 247 240 241 235 240 240 242 245 253 288

knots
0000 6-1 6-7 9-5 9:511-6 13-9 14-0 12:5 9.3 5.7 4-8 §-6
0400 6-3 64 8-2 9:1 11-2 13-6 13-8 12:8 93 55 4-6 6:0
0800 6-3 64 7-2 8:311:4 13-1 13-6 12.3 92 5.6 49 6-3
1200 7.1 7-910-2 11-9 14-2 14-9 14-7 13-3 11-9 8:6 5-7 6-9
1600 7-7 10-3 13-2 13-7 15-1 16-1 156 14:2 11:6 10-4 82 7:6
2000 6-9 8-511-311-212-8 14-7 14:2 12-8 9.5 7--! 6-2 6-3

Authority.—Bibliography No. 52.

Note.—Details of the site’ are not known with certainty but it was probably the
regimental hospital 3 miles north-cast of the town where the exposure was excellent.
The sea is about 3 miles distant to south and south-cast.

A recent study of the sea breeze at Karachi, based on observations
at Manora situated on a small island to the south of the harbour
and at Drigh Road 13} miles'to the NE. of Manora, indicates that
at Drigh Road the sea breeze has some of the characteristics of a
cold front ; it sets in suddenly and is usually cooler, more humid
and stronger than the preceding land breeze. During the period
from October to April the average number of days when a definite
sta breeze front reached Drigh Road or beyond varied from 8 in
October and April to 13 in Becember.
of the sea breeze is SW. or WSW. ; it may set in any time between
1200 and 1800 or occasionally even later, the most usual hour being
1500 to 1600. The time of onset tends to be slightly later at the
height of winter,-when the prevailing wind blows most strongly
from the land, than in the transition periods before and after the
NE. monsoon. The sea breeze arrives between 1 and 3 hours carlier
at Manora than at Drigh Road, the time taken to travel between
the two places depending on the relative strength of the sea breeze
and of the land wind which it displaces. The specd of the sca breeze
is usually about 9 knots, but it varies from quite light airs toa speed
of 16 knots.

"

At Drigh Road the direction -




~ accompanied by gloomy, squally wecather.

«

Surface winds

The sea breeze has been known to penetrate as far as Stt.mll;:s
inland in some regions, but towards the end of its travel it has only

3(JF ertical depth. ' )
: bn(l)‘:lutl::i:toasts oF Sind, Cutch and Kathiawar (.!urmg Dect -rqber and
January moderate land breezes usually blow in the morning anfl
weak sca breezes in the afternoon; the land breeze xsvth'e pre-
dominating feature and sometimes persists co_ntmgous}y Jor 2 dal}\}s
or more. On the coast of Kathiawar the direction is NE. or N.
in the morning, and NW. in the afternoon and evening. Afte(ll-
January the sea breezes become gradually more pronounced, an
from March onwards the land breezes arc uncertain, scldom coming
off until morning when a feeble land, breeze sometimes develops ;
more often there are calms or light airs from north from ?bout
midnight to noon, when a sea brecze sets in from between SW. and
NW. From April onwards the wind blows from the sea at night
as well as by day, and the effect of the sea breeze is shown merel);
as a strengthening of the prevailing SW. wind without change o
direction. :

Gales, strong winds and Asqualls.—The percentage frequency of
gales for two sea areas, compiled from ships’ observations taken over

a long period of years, is shown in the wind roses of Figs. 2-5 and -

. LI NS » griven in Fable 11

Table II. Frequencies for coastal places are given in Table .
" 'I?he frequency1 of strong winds at Pasni, Ormara and Karachi
(Drigh Road) is given in the general climatological tables. The

. figures give the number of days with wind of f'orce 6 or more on
" the Beaufort scale ; they are based on 2 or 3 years’ observations only.

 Gales are by no means frequent. According to the ships’
observations they have been recorded only in December, January
and March, but at times thie wind may reach gale force also during
the squally weather of the SW. monsoon in association with eastern
depressions. The strongest gales are associated with severe tropical
cvclones but these are rare. ~ . .

" On the Makran coast during December and January strong
north-easterly winds may be experiecnced and thesc are often
Western depressions
which pass through the region during the winter months may give
rise to gales and squally weather and severe local storms in the
northern part of the Arabian sea, on the Makran coast and on the
coasts of Sind, Cutch and Kathiawar.

Squalls at Karachi*~The table on page 22 shows the average
number of squalls that are likely to occur at Karachi airport
(Drigh Road) during a normal year. A squall is taken to mean a
sudden increase in wind velocity to about 26 knots or more, lasting
for at least o minute mid accompanicd by marked changes both in
wind direction and in one or more of the clements-—temperature,
pressure and relative humidity.

*The information in these paragraphs is taken from Bibliography No. 28.
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Karachi (Drigh Rd.)--AVIKRAGE NUMBER OF SQUALLS

Period . July 1928 December 1935 S
Jan. Feb. Mar. Apr. May jJune July Aug. Sept. Oct. Nov. Dec “Near .

04 01 07 03 09 1-1

A .

B N, AU AP S

Authority.---Bibliography: No. 28.

On the average 6 or 7 squalls occur during a year, and they are
most frequent in May, June and July. ‘
accompanied by thunderstorms, duststorms or both ; but only about
half the thunderstorms and duststorms that occur are associated
with squalls satisfying the definition. C e

The squalls during the months from April to August are gencrally

more violent than those during the rest of the year. The highest -
speed recorded is 56 knots in June.® A speed of 40 knots has been

exceeded in all seasons. From November to March the squalls

generally come from a direction betwcen N. and W., and,duj”ip‘g{"’: s
the rest of the year from between N. and E. The change of direction

during the squall is usually a vcer and in extreme cases may be as -
much as 225°. The duration of the squall, i.e. the interval betwcen -
the time when the sudden increase of wind occurs and when’ the -
speed falls again to about its original value, varies from about
10 minutes to an hour. The increase of speed during the squall
may be as much as 20-25 knots a minute. From April to August,’
when insolation plays a large part in their development, the squalls
are most likely to occur between 1500 and 2100 but in the cool
_season they may occur at any time of the day. E DR
The conditions favourable for the occurrence of squalls may be
briefly summarised as follows :— 2o
From November to March the majority of the squalls® are

- associated with the passage of the cold fronts of western depressions

and are due to the undercutting of warm moist air by cold air.
They are accompanied by the usual phenomena of a line-squall.
namely cumuliform clouds, duststorms, thunderstorms, hail:and.
rain. The cold front arrives first at higher levels, and in consequenct
a rise of pressure precedes the arrival of the squall by a few minutes
and may give a useful warning of its approach. I
From March onwards western disturbances take a more northerly
course and, except on rare occasions, their cold fronts do not ‘pass
through Karachi but their passage to the north may cause an infiow
of southerly moist winds of Arabian sea origin which, assisted by
insolation, may give rise to unstable conditions and the associjted .
phenomena of squalls, duststorms and thundcrstorms. Instability
may be caused also by the replacement of a layer of upper air by
cold.air from the rear of the disturbances. : do
In May and June squalls may be associated with depressions
which form off the Konkan and Kathiawar coasts and move in a
northerly direction causing duststorms, thunderstorms and rain in

lower Sind.

17 01 06 03 03 00 %8
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Surface winds 42 424 ' Makran coast
In the latter half of June and throughout the monsoon periud KARACHI

_squalls are gencrally associated with the entry into Sind of moist (Drigh Road)
'old monsoon air or of Arabian sea monsoon air due to depressions ‘

from the Bay of Bengal moving west or west-north-west, intensifica-
tion of the low-pressure area over Sind and Balnchistan, or the
formation of a well-marked trough of low pressure over the extreme

north of the Arabian sea. o Aégv'gi:‘n'% DECEMBER JAHUARY ¥ EBRUARY
In the transition period between the SW. and NE. monsoons, [FEET]

depressions from the Bay of Bengal; in which case they come from - ’:\j") ___%é)
! 4 direction betwcen NW. and NE. and most frequently from between 3
N. and NE., or with the passage northward or north-ecastward of v
“depressions in the Arabian sea, in which case the squalls come 367 33 - 28l
. from a SE.-SW. direction. o

«qualls are associated either with the passage westwards: of ‘
10000 == Y1)

2.—UPPER WINDS

Observations of upper winds over the coast are available only )

for the air base at Drigh Road, Karachi (24° 534° N., 67° 11" E.). 6.500 "}}é :

In the absence of another coastal station farther south the data for

Ahmedabad (23° 02’ N., 72° 38 E.) have been given. This station,” 394 . 347 317

although inland, is situated not far from the coast; it is about
50 miles north of the head of the Gulf of Cambay and about the
«ame distance east of the little Rann of Cutch. It is probable:that o

 the upper winds are similar to those on the coast in the same latitude. . a ] A :

" Wind roses for these two stations are reproduced in Figs. 7-14 - 3,300 : %‘ < A;ﬁ : %ﬂ

" and the correspending data are sct out in Table IV on pages 68-75 :

~In September 1937 a_pilot - balloon station was started at Bhuj 400

" in Kathiawar, but sufficient data are not yet available to provide
' reliable summaries. Obscrvations of upper winds at Gwadar are

given in Part 3 which should be consuited for information about : : 4 ‘
the upper air circulation in that region. : . 3 fl ‘ A
In using the tables and diagrams it should be remembered that 1,700 .

they are based on observations of pilot balloons, and that-such
balioons can seldom be followad to great heights on occasions of v . 402 358

cloud, haze or sirong wind and never in rain. During the NE. '
monsoon when skics are clear the resalts are probably reliable up

to the linits of height shown, although even then the number of ‘
strong winds at the higher levels is likely to be underestimated. .
During the SW. moasoon, on the other hand, the number of 98 Mt _

observations falls ofi rapidly above 2,000 fcet, and the winds at (surface)

greater heights cannot be regarded as representative of normal ;
PPN, - : 402 358 - 329

conditiens during the monsoon. ‘ :

In order to supplement the pilot-balloon data, observations of
g!\(s motion of low, middlu and high cloud have been included in . SCALE OF FREQUENCIES -— 53535955 percent
able IV, but cven in these on days when a large amount of low 12 SCALE OF )
cloud is present observations of middle and high cloud will generally SPEEDS
be lacking.  The cloud observations are limited to direction only

356 323

327

g ]
3-13 #-271 28-40 “w&ngts

and give vo inlorniation about speed. The average height of the
Jow™ giddte ared high clouds may be taken as 6,500, 16,000 and
GJi3) MMevt tespectively, . +

11G. 7-3l[PPER WINDS-—MONTHLY

. Figures inside the circles indicate the percentage frequency of ¢2's.
) Figures below the rgses indicate the number of obscrvntiunT )

/




KARACHI
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HEIGHT MARCH APRIL MAY
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Figures insule the circles indicate the percentage frequency of calms.
Figures below the roses indicate the number of obstrvations.
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KARACHI
{Drigh Road)
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Figures inside the circles indicate the percentage frequency of calms.
Figures below the roses indicate the number of observations.

The decrease in the number of observations above 1,700 ft. should be noted.
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. ‘ KARACHI

(Drigh Road) ‘ ;
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ABOVE MSL 2
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Fizures inside the circles indicate the percentape frequency of calms.
Figures below the roses indicate the number of observations,

)rlu rease in the number of observations above 1,700 ft. in September

should be ndted.
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‘The decrease in the number of observations above 3,300 ft. should be noted. ‘
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Seasonal variation
Cool season (December to March). - In the cool season the upper

i air of the northern part of India, to which the region under con-

sideration here belongs, lies within the general westerly eirculation
of middle latitudes.
The winds in the lower layver. are alteeted by the high land,

i and the influence of the Himalayas is felt up to heights of 10,000 feet

and beyond, over the whole of northern India, ,

North-casterly or casterly winds usually blow at the surface
over the whole region except on the Makran coast where the wind
tends to be northerly or north-westerly ;  the north-casterlies are
comparatively shallow and give place to westerly winds at heighits
above about 3,000 feet. In latitude 200 N., which is the southern
limit of the region, the height of the surface of scparation between
the north-easterlies of the lower levels and the westerlies of the
higher levels lies at about 4,000 feet in January. This surface of
separation is if anything at slightly higher levels over the land
than over the sea in the same latitude. The strength of the westerly
winds above the surface of separation gradually increases, at least
up to the level of 10,000 feet and probably considerably beyond
that height. ,

On the Makran coast the winds in the cool season arc northerly
up to about 3,000 feet and back to west above that height. There
is very little change during the season except for a weakening of
the upper westerlies in March.

At both Karachi and Ahmedabad the surface winds are light
from NE. with very frequent calms, and their average speed in the

lower layers, at 3,000 feet and below, is between 5 and 10 knots.

At Karachi in December, NE. winds at 1,700 feet have a frequency
of nearly 50 per cent. and their speed occasionally exceeds 40 knots ;
they decrease in both frequency and strength above that. level,
and at 3,300 and 6,500 feet winds arc variable, with westerly winds
becoming frequent ; at 10,000 fcet westerly winds prevail and may
occasionally reach gale force. At Ahmedabad the prevailing winds
at 1,800 fect are easterly ; they become light and variable at 3,300
and westerly above that height. :
The strength of the upper westerly winds increases in January
and at the same time they cxtend to lower levels, but apart from
this the winds in both January and February are similar to those in
December at both places. . At 10,000 feet the direction of the wind
is between W. and NW. at Karachi and between W. and SW. at
Ahmedabad and the speed from these directions may exceed 40 knots.
The movement of the high clouds is from almost due W. at both
places. '
In March at Karachi calms arc very frequent at the surface with
W. and NW. winds prevailing from 1,700 feet upwards.,  The wind
increases in strength and backs slightly in the upper levels. At
10,000 feet more than 75 per cent. of the observations show winds
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some westerly direction ; these westerly winds not m{requcntl_v
gl‘t;: ?:’esh or stror}:g, occasionally exceeding 40 knots.  Winds from
N. NE. and sometimes E. may occur at all levels but southerly
winds are rarc. At Ahmedabad conditions are not very different
except that at 1,800 feet the wind usually blows from some direction
between NW. and E. backing gradually with increasing height until
at 10,000 feet south-westerly winds are the most frequent. The
winds at Ahmedabad are generally lighter at all levels than at
Karachi. At the levels of the medium and high clouds W. winds

prevail at both places.

Hot season (April and May).—On the Makran coast the surface-

winds from south of west veer to west at 1,700 fcct and to slightly
north of west at higher levels; they are light to moderate in
strength, and tend to be stronger in May than in April. The surface
winds on the rest of the coast throughout these months are very
light and calms are frequent. _

At Karachi westerly winds prevail at the surface | they are very
persistent at 1,700 feet where they blow with moderate strength,
and at 3,300 feet and above they occasionally exceed a speed of
40 knots; above the surface the direction of the prevailing winds
gradually veers to between W. and NW. especially in May when
NW. winds definitely predominate at 10,000 feet. o '

" At Ahmedabad calms prevail at the surface in April with NW.
and N. winds at 1,800 and 3,300 feet, becoming W. and SW. at
10,000 feet. In May light SW. winds begin to make their appearance
at the surface and winds between SW. and NW. blow with great

i e up to 6,500 feet. ‘ )
peristtetl}‘xce le\lr)el of the high’clouds the wind is W. at Karachi and
between W. and SW. at Ahmedabad.

SW. monsoon (June to September):—During these months the

SW. monsoon winds blow persistently at the surface.

On the Makran coast from Pasni eastwards the dircction of these
winds is more west-south-westerly or westerly than south-westerly,
but to the westward of Pasni, where the coast lies to some extent
undef the lce of the Arabian peninsula, the winds become southerly
or even south-casterly as they tend to turn up into the Gulf of Oman.

In the northern part of the region the height to which the south-
westerly winds cxtend is not very great; and in the upper levels
the winds blow chicfly from NW.,, N.or NE. On the 1\“I‘qkmn goas't’
the upper limit of the monsoon winds is marked by an ™ inversion
or increase in temperature with height. In mid-summer this
inversion is at a height of about 4,000 fect. Above that level the
winds blow from NW., becoming N. and NE. at 10,000 feet. The
height of the inversion decreases towards the west until at Gwadar
it lies at only about 3,000 feet or cven lower. This inversion
probably marks the surface of separation between the NW. w1r3ds
of the Persian gnlf and the cooler SW. monsoon winds above which

they rise.
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Further south the SW. monsoon winds reach to much greater
heights, and at Ahmedabad they extend up to about 8,000 feet
and possibly even higher. At both Karachi and Abmedabad the
surface winds are comparatively light ; at Karachi they blow from
SW. or W, and at Ahmedabad chicfly from SW.; they veer to
west above the surface, and their strength increases up to 3,300 icet,
at which height they are usually moderate (14-27 knots) and not
infrequently fresh (28-40 knots). At Karachi, the strength is some-
times greater in July than in June but it shows a definite decrease
in August; no marked variations are noticeable at Ahmedabad.
Easterly winds are rare below 3,000 feet.

At Karachi the wind roses show a distinct change between 3,300
and 6,500 feet, and the upper limit of the surface wind current of
the SW. monsoon lies somewhere between those levels. At about
6,500 feet and above the winds are for the most part northerly, and
at 10,000 feet-in July and August N. and NE. winds show a decided
predominance.

At Ahmedabad the SW. winds extend to somewhat higher
levels but the number of observations is too few to draw any definite
conclusions. ‘

In September at Karachi at 1,700 and 3,300 feet the wind is
chiefly from W. and light or moderate in strength; in the higher
levels it becomes northerly with NE. winds predominating at
10,000 feet. At Ahmedabad the number of observations is too few
to give reliable results but there is evidence of a general weakening
of the monsoon. The predominant winds at 1,800 and 3,300 feet
are W. and NW. Above that height the direction tends to become
easterly. - ‘ :

Observations of the movement of medium and high clouds show
that at Karachi during the SW. monsoon the wind above about

15,000 feet is NE. or E., veering slightly with increasing height.

At Ahmedabad. the direction is more variable at 16,000 feet, but
from June to August it is easterly at 30,000 feet. Thesc winds are
part of the general easterly circulation which is characteristic of :
high levels in the equatorial regions. ' ‘ t

As has been pointed out the frequency of overcast skies during !
the SW. monsoon makes any statement based on the results of pilot
balloon observations rather unreliable; ascents reaching to high
levels are limited to conditions when the sky is clear and the results |
are therefore not truly representative. There seems, however, to be !
fairly good evidence that the thickness of the monsoon wind current |
is greater in July and August than in June, and that in those months !
it extends up to about 8,000 feet. ‘ '

Post SW. monsoon or interim period (Odbbcr and November).—In :
October SW. monsoon conditions still persist to some extent.

i
H
i
1

-Over most of the region calms are very frequent at the surface. !

On the Makran coast the wind below about 13,000 feet in October, l
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and below 10,000 fect in November, is from some northerly direction
and it becomes westerly at greater heights. At Karachi, wcS}cxly
winds prevail up to 3,300 feet, with N. or NE. winds at higher
levels as in September. At Ahmedabad light or moderate northerly.
winds blow at 1,800 and 3,300 feet but above that the wind is very
variable. : ‘

In November winter monsoon conditions set in. Light north-

~easterly winds blow at the surface at Karachi, but farther south

" there are calms. In the upper levels the winds are variable at-
. Karachi with a predominance of casterlies at Ahmedabad at 1,800 .

' and 3,300 feet. The winds are light or moderate in strength but
- may occasionally become fresh at 10,000 feet. The change over to
~ westerly winds at 6,500 feet which is characteristic of the winter

" months is not yet in evidence in November, although there is some
indication of it at 10,000 feet. :

The direction of motion of high clouds is W. or SW. at both places.

IV—VISIBILITY
. Table V gives the percentage frequency of visibilities between
different limits in the morning and afternoon in the different months
of the year at Pasni, Karachi (Manora), Dwarka and Veraval. The
number of days with poor visibility (i.e. visibility less than 2 nautical

"-miles) based on the same data -is included in the general climato-

Jogical tables. . The morning observations are made at 0800 local '

time by which time the ‘early morning mist and fog may have
dispersed.- S Y
On the whole the vigibility throughout the region.is good
compared with that usually recorded in more temperate climates.
The period with the best visibility is from September to February.
The main causcs of bad visibility are carly morning fog, dust or rain.
Fog usually lasts for only a few hours, and the weather generally

clears by midday. ' -
~ Bad visibility duc to ‘dust haze is most prevalent on the

_ Makran coast where the periods between falls of rain may be long

and the land dries up. On the eastern part of the Makran coast
dust haze is most likely to occur in May and June before the arrival
of the SW. monsoon, but it may occur also at other times of the year,

_ Seasonal variation ,

Cool scason (December to March).—The visibility during the
month of December is on the whole good cxcept during rain, and
there are not, as a rule, more than 3 days with rain during the
month ; there may also be fog in the carly morning. o

On the Makran coast fog may occur once or twice in January
and two or three times in February and March. Early morning
fogs occur in March for about an hour before and after sunrise,
and these may extend along the coast to Karachi. Towards the

(

18

4 36 Makran coast

_ end of the month moderately strong winds during the day begin to

raise the dust and hence reduce the visibility.

During this season severe duststorms or sandstorms may occur
after the passage of a western depression, i.e. in the cold front region,
if the depression has not been accompanied by rain. These storms
sometimes carry the dust as far castwards as Karachi.

On the coasts of kathiawar, Cutch and Sind on a small number
of occasions in December the visibility may be poor on account
of either fog or dust haze. During January and February after a
calm night dense banks of fog occasionally come off the land ;
they drift seaward with the land winds and return with the sea breeze
until the heat of the day disperses them.

Hot season (April and May).—On the Makran coast in April
the visibility is only fair to good owing to dust haze which persists
for a few days even after the strong winds associated with dust-
storms have subsided. These duststorms, associated with high winds,
occur even more frequently in May, when there are 3 or 4 a month,
and the resultant dust haze may impair the visibility on from 6 to
10 days during May. Morning fog is also likely to be experienced
once or twice during the month. .

On the Kathiawar, Cutch and Sind coasts during April and May
the visibility is also poor on a few occasions, owing to fog or dust haze.

SW. monsoon (June to September).—The visibility is fair to poor
over the Makran coast during June owing to dust haze; the
atmosphere begins to get clearer in July, but misty and hazy
conditions may still prevail in the early morning. The visibility
definitely improves in August, and remains generally good throughout
August and September. In September morning fog lasting for a
short period may occur on from 1 to 3 days during the month, but
on the whole the visibility is good on from 60 to 90 per cent. of
occasions. In some years during this month duststorms may be
induced on the Makran coast by eastern depressions and this will
cause a deterioration in the visibility.

On the coasts of Kathiawar, Cutch and Sind, the SW. monsoon
is felt to a greater extent than on the Makran coast, and the warm
moist air of the monsoon may cause hazy conditions at sea near the
coast so that the land cannot be seen from a distance; otherwise
during these months the visibility in this region is nearly always
mcderately good, except inland where the hills are often covered
with low clouds.” '

Post SW. monsoon or interim period (October and November);—On

" the Makran coast during these months the visibility is almost

invariably good except in the early morning or the late evening,
when a certain amount of haze over the sea decreases the visibility ;
in the neighbourhood of Karachi fog may be experienced occasion-
ally in the morning. Morning fog occurs on 4 or 5 days during
October and on 2 or 3 days in November. ’
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On the coasts of Cutch and Sind, and in the Gulf of Cutch, dense
banks of fog occasionally come off the land after a calm night in
October; they drift seaward with the land wind and rcturn with
the sea breeze until the heat of the day disperses them.

V—CLOUD

Step diagrams showing the monthly variation of mean cloud
amount at 0800 local time are reproduced in Fig. 15; the corre- -
sponding data are given in the general climatological tables on @ -
pages 61-5 and for Gwadar in Part 3. o

Table VI shows the monthly frequencies of different amounts of i
cloud in the morning and afternoon at Pasni, Karachi (Manora),
Dwarka and Veraval.

Observations of the amount of low cloud, i.e. of cloud with
base below 8,000 feet, are available only for a short period of years,
but owing to their importance in air navigation a supplementary
table of the results is given on pzge 39. In view of the shortness
of the period the figures must be regarded as giving only a general |
indication of the normal. The table shows for each month the total ;
amount of cloud, the amount of low cloud, and also the difference *
between the two. The results are given for the morning and |
afternoon hours of observation separately. ' ‘

General.—Detailed observations of cloud throughout the 24 hours
are available only for Karachi where there is a meteorological
observatory. The figures quoted in the following paragraphs refer :
to the morning hour of observation, i.e. about 0800 local time.

The cloud amount in this region depends very much on the
time of the year, the arhount is greatest during the months of the
SW. monsoon when the sky is frequently overcast with low cloud.

The average cloud amount for the year is from 3 to 4 tenths,
this includes all types of cloud. From June to September when the
SW. monsoon winds are blowing the average amount is between
6 and 7 tenths; during the other months the average is between
2 and 3 tenths. The month with least cloud is November, when
the average for the region is only 1 or 2 tenths.

75°

The Qi@gr;;_ms are for 0800 local time.
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cloud.
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FIG 15—MONTHLY VARIATION IN ‘MEAN CLOUD AMOUNT

- The figures below the step diagrams indicate the mean annual amount of

Seasonal and diurnal variation
Cool season (December to March).—There is very little cloud in
_this season, and such as there is, is usually associated with the
' passage of western depressions. The amount diminishes eastwards
" and southwards ; at Gwadar in the extreme west the sky is on the
average between 3 and 4 tenths covered, whereas at Veraval in the
south the average is between 1 and 2 tenths.

On the Makran coast the chances of the sky being 7 tenths or 19 L
more covered at 0800 are 25 per cent. compared with about 10 per =
cent. at Veraval, and the chances of the cloud amount being n 0
3 tenths or less are 65 per cent. at Pasni compared with 80 per cent. ‘ =~ : ‘ o

“at Veraval.
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" Authorities.—Bibliography Nos. 50, 52. :
Periods.~—Pasni, 1928-37 ; Ormara, Mar. 1928-Fcb." 1938 ; Karachi, D{\'arka,

Veraval, 1933-7. Monthly averages of the total cloud amount at 0800 for longer

periods are given in the general climatological tables for Karachi, Dwarka and
Veraval.
Note.-~The standard of time is local mean time or differs froni that by less than
20 min. : o
t Before July, 1934, the observations were made at 1830, :

The proportion of low cloud to high cloud is also greater in the
west than in the south—at Pasni about half the cloud is low cloud,
whereas at Veraval only about a quarter is low cloud.
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At Karachi there is on the average a slight increase in the cloud
amount in the carly morning and a decrease in the evening, but as
the total cloud amount, at any time, is small, its diurnal variation
is not likely to be of much practical importance.

Hot season (April and May).  The mean clond amount.over the
whole area during April and May 1y between 2 and 3 tenths and
shows little regular variation from place to place.

On the Makran coast the sky is less cloudy than in the cool season
owing to the decrease in the frequency of western depressions.
On the coast south of Karachi, on the other hand, there is a slight
increase in cloudiness during the hot scason, the increase being more
noticeable in May than in April; it is associated with a change
from the northerly land winds to the, westerly or south-westerly sea
winds, which are a prelude to the arrival of the monsoon.

The chances of there being 7 tenths or more of cloud at 0800 are
between 10 and 20 per cent. in April and between 15 and 25 per cent.
in May. The chances of there being 3 tenths or less of cloud are
about 75 per cent. in April; in May the chances are less especially

! in the south.

At Karachi the cloudiness in April shows very little regular

 variation during the day. In May the amount is greatest at about

sunrise and shows a. definite decrcase of about 2 tenths between
sunrise and noon; it increases again slightly in the early evening
and then decreases until about midnight. As the tctal cloud amount
is ‘small its diurnal variation is not likely to be of much practical
importance. ‘ ‘ ‘

SW. monsoon season (June to September).—The amount of cloud
during this season is high compared with the other months of the
year, and much low cloud occurs especially in the early morning.
The increase in cloud amount is due to the arrival of the SW.
monsoon and occurs earlier in the south than in the north and west.
In June and to some extent also in July there is a well marked

- decrease in cloudiness from south to north in contrast with conditions

during the cool season; but in August the distribution is fairly
uniform with about 8 tenths of the sky covered with cloud. There
is a well-marked decrease in cloudiness in September when the
amount is only 5 tenths. : :

On the Makran coast the amount of cloud varies from about
4 or § tenths in June, to 7 or 8 tenths in August, and diminishes
to between 5 and 6 tenths in September. On the coasts of Kathiawar
and Sind the cloud amount is between 5 and 6 tenths in June -
increasing to 7 or 8 tenths in July and August and falling off to about
5 or 6 tenths in September when the amount is similar to that in
June. On the Makran coast completely cloudless skics are infrequent
in July and August; south of Karachi they are rare throughout:
the season. Skies more than 7 tenths cloud-covered at 0800 occur

on about 50 per cent. of occasions in June and September, and on
Duav g Dg -
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between 80 and 90 per cent. in July and August. In all months
they are more frequent south of Karachi than on the Makran coast.

On the Makran coast during the first half of June convectional

~ clouds appear during the afternoons and from thc middle of the

month low clouds are often stratiform in type. These stratiform

clouds are considered to be closely associated with the inversion -

of temperature in the upper air that is found over this region.
(See page 52). ' ‘

The low cloud has a definite diurnal variation and is more frequent
in the forenoon than in the afternoon especially on the Makran
coast. At Karachi the cloud amount in July and August varies
from about 6 tenths at 2000 or 2100 to about 8 tenths at 0300.
This night oscillation appears to be an important fcature. The
decrease from the 0300 maximum to the evening minimum is slow
and irregular ; there is some evidence of a slight rise from 0800
to 1000.

Post SW. monsoon or interim period (October and November).—
Throughout the region this is the period of least cloudiness.

On the Makran coast these months are very similar to those
of March and April, the mean cloud amount being about 2 tenths.
On the coasts of Kathiawar and Sind the cloudiness is even less,
the amount varying between about 1 and 2 tenths.

The chances of the sky being 7 tenths or more cloud-covered at
0800 are about 15 per cent., whereas the chances of the amount
being 3 tenths or less are about 75 per cent. :

The diurnal variation is small and irregular ; there is, if anything,

a slight increase of cloud in the early morning and a decrease in the
evening ; owing to the small amount of cloud experienced during :

these months the variation is not likely to be of much importance.

Height.—Observations of the height of cloud have been made
only in recent years and sufficient data have not yet accumulated
to give a reliable normal. One source of information is to note

the height at which pilot balloons are lost in cloud, but these results
take no account of occasions when rain was falling or when cloud

regions to the southward.. Table A on page 42 gives the results
obtained by this mecthod at Karachi and Ahmedabad, a similar table
for Gwadar is given in Part 3.

Of greater practical importance from the point of view of
aviation is information of the height of the cloud base on occasions
when the sky is overcast. The limited number of observations
available are summarised in Table B.

CSkies Y or 10 tenths covered with cloud below 1,000 feet are rare,

during the period 1937-8 they occurred on less than § days a
year in the morning and never in the afternoon.

"was so low as to make a pilot-balloon ascent impracticable. :
This limitation, however, is not so great in this region as in the rainier !

i po R A
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VAWMLY A HEIGRT OF BAMG OF LOW Loty
Percentage number of days on which h.\ll«l-uns became inwvisible between  detinite linits of
. hejght. .
Kuarachi (Drigh R4.) I Ahmedabad
Height Jan. Apr. July ! Nov, Jan. Apr. July Nov.
 Seet a.m. p.mla.m. pomlam. pomam, powlla. . ’
Above 10,000 | 8879 | 79 R BRI i e e “ae Top
Sono-too00 | 3 6} 4 a| a4 5| 6 a2 3|2 s|s 2|3 2
6,500-8,000 4 5 3 3 4 5 0 0 ‘8 0 3 3 5 11 0 6
5,000--6,500 1 4 3 4113 8 7 2 -8 2 242013 24 0 0
3,1!00-»5,000 3 6 § 4]22 30 0 1 0 0 O 011w 2 ‘8 0
1,600-3,300 1 1 5 1131 2 O 0 0 0f 8 0|2 5 0 0
1,000-1,600 0 0 7 0 ‘6 010 O 0o 010 0 4 01 0 0
B;elow 1,000 0O 0of 0 0} 0 0| 0°0 0O 0 0 0 0 0| 0 0
No ascent 0 4 o -7} ‘6 21 0 6 2 312 2115 4|0 2

Authority.—~Bibliography No. 7.
Periods.—Karachi, Nov. 1927-July 1932. '
Ahmedabad, a.m. July 1928-July 1932; pun. Nov. 1930-]July 1932

TABLE B~—FREQUENCY OF SKY 9 OR 10 TENTHS OVERCAST WITH CLOUD
. BELOW 8,000 FEET ‘

Period : 1937-8
_Jan. Feb. Mar. Apr. May June July Aug. Sept. Uct. Nov. Dec.| Year
Gwadarr | _ e
Memosn |<t < 00 8 o4 2 M1 3 A E
Karachi - ' ‘
(Drigh Rd.) -
N R RS R R
Ahmedabad ,
hemoen Sl 0 0 o 0 o 5 7 3 33 2B

Awuthority —Bibliography No. 51. .
* At Gwadar observations are laching in November and December, 1938,

The following notes summarise briefly the information season by
season :—

Cool season (December to March).—Cloud at very low levels is
rarc. Skies 9 or 10 tenths overcast with cloud below 1,000 feet have
been recorded on rare occasions in all parts of the coast in the
morning but never in the afternoon. At Gwadar skies 9 or 10 tenths
overcast with cloud below 8,000 feet are recorded on 1 or 2 days
per month ; they are less frequent at Karachi and are very rare
south of Karachi.

Hot season (April and May).—lLow cloud continucs to be in-
frequent in April but its frequency increases in May especially
at Karachi. . ' '




Cloud

SW. monsoon (June to September).—Skies 9 or 10 tenths overcast
with ¢loud below 8,000 fcet are comparatively frequent. At Gwadar
and Karachi the most frequent height of the cloud base on these
occasions is between 2,000 and 3,000 feet; the cloud frequently
descends below 2,000 feet but rarely below 1,000 feet.  The cloud
base at Ahmedabad tends to be at a greater height in the
afternoon than in the morning. :

Post SW. monsoon or interim period (October and Nowmber)#——
There is very little low cloud in this season. In 1937 at Gwadar,
and in 1937 and 1938 at Karachi and Ahmedabad, skies 9 tenths

or more. covered with cloud below 8,000 feet were never recorded

in November, and on over 95 per cent. of occasions pilot-balloo
ascents were not interrupted by cloud below 10,00 feet. :,‘

VI—RAIN AND HAIL
: 1=-RAIN ,
Step diagrams showing the monthly averages of rainfall and
rain days are reproduced in Figs. 16 and 17 and the corresponding
data for Pasni, Ormara, Karachi, Dwarka and Veraval are given
in the climatological tables on pages 61-5; for Gwadar the data
are given in Part 3 and for Surat in the table below :—

Sufa-t.——MEAN MONTHLY RAINFALL AND NUMBER OF RAIN DAYS
Period : 43 years

Jan. Feb, Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Yeir

millimelres '
Rainfall .. 4 2 03 1 6 212 424 192 150 44 5 111,041
duys '
Raia days 02 02 0t 00 0.4 8 18 13 7 2

0-3 01} 47

Auihority.—Biblingraphy No. 1.

‘The definition of a rain day used by the India Meteorological
Department is a day on which 254 mm. (0+1 in.) or mnore of rain falls.

General.—In respect” of rainfall the region may be divided
roughly into two parts. In the first, which includes the Makran
coast from Gwadar eastwards to the ncighbourhood of Ormara, the
rainfall is scanty, and such falls as occur are almost cntirely in the

. winter. In the second, from Karachi southwards to latitude 20° N.,
!'the rainfall is heavier and increases towards the southern limit ;
| except for very. light falls it is confined to the summer months.
{ The region between Ormara and Karachi may get rain in either
osumnier ot wiiter but the annual total is small.

Annual rinfall.—The Makran coast between Gwadar and
Karachi may I regarded almost as a desert in respect of its rainfall,
which is uncertain and scanty.  Sometimes for two or three con-
secutive yuears there is less than 75 mm. (3 in.) of rain in the year.
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FiG 16—~MONTHLY VARIATION OF RAINFALL e
- The figures below the step:diagrams indicate the total annual amount of rain in millimetres.
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Rain 445 4 46 Makran coast

Rain exceeding one tenth of an inch (2-54 mm.) falls on an average
of only 8 or 9 days in the year and in all parts the average fall is
Jess than 200 mm. (8 in,) ; at Pasni and Ormara it amounts to only
just over 150 mm. (6 in.). Along the coast to the south-castward of
Karachi the rainfall increases very rapidly, and at places which are
exposed to the winds of the SW. monsoon the annual fall in the
! year is 6 or 7 times as great as on the Makran coast. At Dwarka
' the average total is 343 mm. (13-5 in.) and at Surat it rises to
1,041 mm. (41-0 in). Even in the regions of greatest rainfall,
however, the number of days with rain exceeding one tenth of an
inch (2-54 mm.) is only 47, and at Karachi there are on the average
only 9 days with rain a year. _

In the province of Sind which is one of the driest and hottest
parts of India, the average rainfall for the year is about 150 mm.
(6 in.) of which 125 mm. (5 in.) falls between Junc and Scptember.

>

RAIN DAYS

Seasonal variation

Cool season (December to March).—The rain that falls in this
season is associated almost entirely with western depressions, and
on the coast these depressions rarely cause rain farther east than
Karachi. Even on the coast to the west of Karachi rain of more
than one tenth of an inch (2-54 mm.) falls only on one or two days
a month. The months with the heaviest rain are from December .
to February, and the total for the three months varies from about
125 mm. (5 in.) at Gwadar in the west to 27 mm. (about 1 in.) at
Karachi. South-eastward of Karachi the season is usually almost
rainless, and the average monthly falls are less than 5 mm. (0-2 in.).
The rainfall during the cool season is very variable from year to
year ; even on the Makran coast it is not infrequent for any of the
months to be rainless, whereas in other years the rainfall may be
fairly heavy. (See page 47). .

Hot season (April and May).—Western, depressions cease to affect
the region during these months, and the ‘season is practically rain-
less; in fact rain only occurs in occasional years. The average
number of rain days is less than one all along the coast, and the
total rainfall does not exceed 15 mm. (0-6 in.) on the average.
Such rain. as occurs is chiefly associated with thunderstorms.

SW. monsoon (June to .September).——Thé rainfall dui'ing these
months is associated with the SW. monsoon and also with eastern
- depressions which are related thereto.

23 ' In the region affected by the monsoon the rainfall shows a very

_ rapid increase as soon as the monsoon sets in. It is heaviest in the
: south and decreases rapidly northwards. It is felt to some extent
{ at Karachi, but on the Makran coast to the west the season is
; practically rainless, though on rarc occasions there may be a fairly

" heavy fall even as far west as Gwadar.

9
65
FiG. 17—MONTHLY VARIATION IN THE FREQUENCY OF RAIN DAYS

The figures below the step diagrams indicate the total number of rain days in the year. A rain day is taken as one on which

2-54 mm. (0-1 in.) or more of rain falls.
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Rain 447
July is the wettest month with an average of 424 mm. (16-7 in.)

at Surat compared with about 200 mm. (8 in.) in June and August, -
Farther north the amounts are considerably less, 153 mm. (6-0 in.}

at Dwarka in July and only 75 mm. (2-9 in.) at Karachi. In the

south it rains on about one day in two in July, whereas at Karachi

there is an average of only two rain days in the month.

The intensity of the rainfall may be judged by the fact that in
London it would take about 17 days in summer to give the amount
of rain which falls at Karachi in 2.

In September the rainfall is still comparatively heavy in the’

southern part of the region and the amounts associated with eastern

depressions may be sometimes exceptionally large. On September 4

to 6, 1926, an eastern depression passed over Karachi which gave

a total of 359 mm. (14-1 in.) in 36 hours, an amount which is nearly

double the normal for the whole year at that place. The rainfall

associated with these depressions, however, seldom extends as far -

westward as Pasni.

Post SW. monsoon or interim period (October and November).—
October is practically rainless except in the extreme south of the

region, and in November the amount of rain is small in all parts. -

Surat has an average of 44 mm. (1:7 in.) in October falling on an
average of two rain days, but elsewhere in the region rain is rare,
especially on the Makran coast. In November the average amount
all along the coast is only about 5 mm. (0-2in.). On the Makran
coast from Gwadar to Ormara western depressions begin to affect
tlfle region but they are infrequent and cause only a small amount
of rain. : ‘

Extremes of annual ‘and monthly rainfall.—The following table
gives the greatest and least amounts of rainfall that have occurred
- in each month and in the year at a number of stations on the coast.

MAXIMUM AND MINIMUM MONTHLY AND ANNUAL RAINFALL .

‘The period- over which the observations extend is given in brackets under each place.
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.| Year
) miilimetres 3
(a) Ormara 87 177 22 ™ 45 153 13 2 1 15 157 818
(10 yrs.) 0(3) 03) 0(6) 0(7) 0% 08 o(4) 0(8) 09 09) 0N a(5| 58
(b) Karachi 88 75 97 121 47 269 473 359 300 40 118 =28/ 711
(82 yrs.) 0(26) 0(33) 0(45) 0(69) 0(71) 0(46) 0(11) 0(14) 0(38) 0(74) 0(65) 0 B g
(a) Dwarka 25 73 B9 94 8 308 551 856l 390 158 24 13| 940
(36 yrs.) 0(23) 0(21) 0(26) 0(31) 0(29) 0(6) 1 1 0(3) 0(26) 0(31) 0(30)| 26
(@) Veraval 13 19 22 1 181 454 635 583 458 288 29  28/1,328
(36 yrs.) 0(25) 0(23) 0(31) 0(35) 0(27) <1 2% 8 6(2) 0(24) 029) 0(32)| " 68
(a) Surat 92 43 8 32 128 595 064 458 480 429 91 42/ 1,714
(45 yrs.) HEH 032 039) 03N 03 2 22 19 5017 023) 034 363

i Authorities.—Bibliography Nos. (a) 50, (b) 10,
Note.—~The figures in brackets indicate the number of times during the period that the

patticular month was rainless, The normal rainfall during the month is given in the general
| chimatological tables, S

(.
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The annual rainfall shows considerable variation fiom one year}
to another. In the south where the rainfall s normally greater

" than elsewhere it never fails entirely; it would appear that the rainfall |

is most liable to failure in the neighbourhood of Karachi which is®
situated on the castern himit of the rain of the cool scason and near.
the northern limit of the SW. monsoon rain and cither or .hoth qf
these may fail. In somc years, on the other hand, the rainfall is
exceptionally heavy. . ‘

‘On the Makran coast any month may be rainless, and from April
to Junc and in Scptember and October rain rarely fal}s. _During
the cool scason, which is normally the rainy scason on this coast,
any of the months is likely to be rainless once in 3 or 4 years.

On the coasts of Kathiawar and Sind any month cxcept July
and August may occasionally be rainless, and even in those months,
when normally the rain exceeds about 200 mm. (§ in.), falls of less
than 30 mm. (1 in.) have been recorded. At Surat the months
of the cool season are more frequently rainless than not:

The variability in the number of rain days is similar to that
in the amount of rain. The greatest number of days of rain ever
recorded in the year in this region is 71 at Surat in 1917 and the
lowest is 2 at Dwarka in 1918. In some years rainy days may be
almost continuous at places exposed to the SW. monsoon and
27 rain days were recorded at Surat in July 1.912. .

During the cool season the number of rain days in a month has
reached 7 on the Makran coast but south of Karachi it rarely

exceeds 4. . '
Maximum rainfall in 24 hours.—Figures of the maximum ram.fallv
in 24 hours in each month are given in the general clxmatologiqali

tables on pages 61-5. | |

- On thf Makran coast the rainfall is sometimes heavy, although ;
the amounts are comparatively small compared with the high:
values that are sometimes recorded between June and September{:
on the coasts which are exposed to the SW. monsoon. In the |
neighbourhood of Gwadar the heaviest (alls occur in the cool seasom, -
and as much as 130 to 150 mm. (5 to 6 in.) have t:{een measured in a

day in both December and January. Heavy rainfall is unknown

at all points on the Makran coast in the months of May and October.

Farther to the east, at Karachi, the rainfall in the cool season is

comparatively light and is not likely to exceed 50 mm. (2 in.) in

a day, but during the SW. monsoon 182 mm. (7-2 m.) fell on one

occasion in June and 206 mm. (8-1 in.) once in September.

On the coasts of Sind, Cutch and Kathiawar to the south-east
of Karachi the rainfall is never very heavy in the cool season, and
rarely exceeds 50 mm. (2 in.) in 24 hours ; during the SW. monsoon,
however, exceptionally heavy falls are sometimes recorded especially
at Surat in the south where on one occasion in July a fall of 457 mm.
(18-0 in.) was recorded in fxﬂsingle day.

RERTS
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2. —HAIL '
“Hail is a very rare occurrence at places on the coast. During a
period of ncarly 40 years it was recorded on only 4 occasions at
Karachi, 2 at Dwarka, 1 at Veraval and never at Surat. Except
for one record at Karachi in December .the remaining 6 cases were

ll in the months from March to July. Hail is likely to be associated
with thunderstorms. ' '

VII—TEMPERATURE

: 1.—AIR TEMPERATURE
The monthly averages of air temperature, together with the
means of the daily and monthly maximum and minimum tempera-
tures and the highest and lowest temperatures recorded during a
long period of years, are given in the climatological tables on pages

61-5 for the coastal stations of Pasni, Ormara, Karachi'

(Manora), Dwarka and Veraval. Similar data for Gwadar are given
in Part 3.

The temperature of the air over the sea in two S-degree areas is

given in the table below. -

MEAN .TBMPERATURB OF THE AIR OVER THE SEA IN §° AREAS

Areas. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

: degrees Fahrenheit

20-25° N.

60-65° . 72 73 76 80 83 84 82 8 8 81 78 75
65-70° E. 73 73 76 80 83 84 8 81 81 81 79 75

Authority —Bibliography No. 53.

The average annual temperature is remarkably uniform over
the whole region, and lies betwcen about 80° F. on the shores of the
Gulf of Cambay in the south and 77° F. on the Makran coast. Over
the open sea it is about 79° F.

The difference between the average temperature of the hottest
and coldest months of the year is about 12° F. over the open sea,
about 15° F. on the coast of Kathiawar and rather more than 20° F.
on the Makran coast. Thc highest temperature ever recorded is

. 118° F. at Karachiin May, and the lowest 31° . at Pasni in February.
The lowest temperature that has ever been recorded on the shores
of the Rann of Cutch is 36° F. in February 1916. ‘

Seasonal variation

Cool season (Iecember to March).— January is the coolest month
of the year in all parts of the region. The mean temperature in that
month is 65° I'. on the Makran coast rising to just over 70° F. in
the Gulf of Cambay, and to 72° or 73° F. over the open sea.
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On the Makran coast the tempetatwre at night talls on the
average to about 56" Foand reas by day oy 1 bankher soath?
in the Gult ol Cambay the tight momuma e ooty twe o tyee
degrees higher than on the Makran coast whereas the day maxima

. are some 7° or 8" F. higher.

From December to February the mean temperature varies véry
little, it falls slightly from December to January aned rises apain
in February.,  The differences amonnt to about 87 o 47 B on te
Makran coast and to only 1V or 27 I, south of Karachi.

Frost is almost unknown on the coast although on one occasion
at Pasni the temperature fell to 31° I, in February. Low tempera-
tures such as this are probably recorded duting the passage of a
cold front in rear of a western depression. South of Karachi the
temperature rarely, if ever, falls below 40° F.

Comparatively high temperatures are sometimes recorded in
this season, and even in January temperatures of over 90° F. have
been reached on the Kathiawar coast and of over 85° F. on the
Makran coast. In March the temperature on all parts of the coast
may rise to 100° F., although such high temperatures are only
reached occasionally ; Karachi has recorded 106° F. in that month,
and Surat 110° F.

Hot season (April and May)—Towards the end of the cool
season and in April the temperature rises rapidly until in May the

‘mean temperatures are some 10° F. higher than in February over

the sea, and between 10° F. and 18° F. higher on the coasts ; the
most rapid rise is experienced on the Makran coast. :

May is one of the hottest months of the year and from then
onwards there is little further increase. The average temperature
over the sea in that month is 83° F., on the coasts it is between
82° and 86° F. During the day the temperature rises to over 85° F.
and in some parts to over 90° F., and falls at night to between 75°
and 80° F. Some of the highest temperatures ever experienced in
the region have occurred in May ; in all parts temperatures exceeding
104° F. have been recorded and on one occasion the temperature at
Karachi rose to 118° F. Except in the vicinity of Pasni, on the
Makran coast, where a temperature of 56° has been recorded, the
temperature in May rarely, if ever, falls below 65° -F. ,

Along the shores of the Rann of Cutch during this season hot
winds may be very unpleasant, and an average maximum tempera-
ture of over 100° F. has been reached. - B

SW. monsoon (June to September).—June is the hottest month
of the year, the average temperature over the sea is 84° F. and on
the coasts between 84° and 87° IF., being rather higher on the Makran
coast than further south. The daily range is comparatively small
the temperature rises by day to just over 90° F. on the Makran coast

‘and to just under 90° F. south of Karachi, and falls at night to about

80° F. in all parts. The highest and lowest temperatuges shown in
the tables are 115° and 61° F., both at Pasni. -
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- The effect of the SW. monsoon is shown by the fall of temperature
in July, this fall is more pronounced on the coasts of Sind, Cutch
and Kathiawar than on the Makran coast. At the height of the
monsoon the temperatures in the south are some 4° or 5° F. lower
than on the Makran coast. In the Gulf of Cambay they are about ,i
80° F. compared with about 85° . at Ormara and Pasni. The fall |
in temperature after the arrival of the monsoon is more noticeable ;
in the maximum temperatures than in the minimum ; the increase |
in cloud amount and the associated decrcase of solar radiation !
reduces the maximum temperatires during the day but has little .
effect on the temperatures at night; in fact, lower temperatures
have been recorded at night in June than in July. The extreme :
range of temperature is from 110° F. to 65° F. ‘

The temperatures in August show a further slight fall. In the
latter part of September as the SW. monsoon recedes the sky
becomes clearer and the day temperatures rise slightly, whereas
the night temperatures continue to fall; consequently the mean
temperatures in September differ little from those of August. The
average temperature for the whole region, both land and sea, is about
81° F.; on the coast it falls to about 76° F. at night and rises to
85° or 90° F. by day. The extreme range is from 106° F. to 57°.F.,
but Itihe temperature rarely falls below 65° F. and not often below
70° F.

Post SW. monsoon or interim period (October and November).—
In October the day temperatures are higher than in September,
although the night temperatures are lower; at Veraval the rise
in the day temperatures is 6° F. On the Makran coast the result
is a slight fall in the mean temperature for the day, whereas in the
south the mean remains the same as in September. .

In November there is a definite fall over the whole region
amounting to about 6° F. on the Makran coast and 3° or 4° F. else-
where ; the average temperature is between 73° and 78° F. on the
coasts, increasing from north to south, and about 79° F. over the
sca. The temperatures vary from between 60° F. and 69° F. 'at
night to 85° or 90° F. by day. Lven in November the temperature
has been known to rise to 100” F. ; it may fall below 50° F., and at
Pasni it has been known fo fall to 37° F

|
|
|

.

2.—UPPER AIR TEMPERATURE :

Observations of temperature of the upper air to a height of
10,000 fect are available for Drigh Road, Karachi, based on
510 observations taken during aeroplane fliglits. The average

. monthly tempcratures are shown in the table on page 52.

At heights below 3,000 feet the lowest temperatures occur in
January and the highest in May ; there is a slight risc in temperature
between September and October which is attributed to the dis- -
appearance in October of the low clouds which are ncarly always
present from early morning to midday between June and September.

26
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Kuachi.-—-Avnmm-; TEMPERATURE OF THE UPPER AIR
Time of obs.: 0900 to 1200* Period: 1929-3§
Height . . ;

above M.S.L. | Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec,
feet dryrees Fahrenheit
10,000 43 42 46 51 58 62 61 61 87 49 4B 44
8,000 47 45 51 58 64 68 67 656 63 55 50 47

6,000 52 52 58 66 73 76 73 72 71 63 56 53

4,000 58 58 66 73 '79 79 74 75 75 72 64 59

- 2,000 63 65 74 80 8 81 78 77 76 8 72 66
- 1,000 66 €69 78 84 8 8 83 8 8 8 77 70

500 68 71 8 87 8 87 8 83 8 8 79 72

Surface 720 73 82 89 92 9 89 8 8 8 81 73

Authority.—Bibliography No. 42. . i

* All ascents started between the hours of 0900 and 1200, and more than half :
between the hours of 1000 and 1100. The up and down flight generally took about
an hour to complete.

At heights above 3,000 feet the lowest ternperatures tend to occur
in February and the highest in June, slightly later in the year than
in the lower layers. _ .
The rise of temperature is most rapid between February and
April. In the lower layers the fall is most rapid between October
and November and in the upper layers between September and
November. There is not much change of temperature between June ;
and September nor between December and February. The annual |
range in the monthly means is between 20° and 25° F. being rather
greater at 6,000 feet than above and below that level. '

The temperature experienced on any flight is liable to differ
very much from the mean, especially in the cool season. In January
for example temperatures of 17° F. above the mean and 25° F.
below the mean have been experienced. During the SW. monsoon
the differences are less, but even in that season the temperature
may fluctuate 10° or even 15° F. above or below the mean. The
range in the extreme values is greatest at about 3,000 feet.

In the winter months in the early morning there is often an
increase of temperature with height from the surface up to 3,QOO feet,
but it disappears after sunrise and would probably, be obliterated
by 1000. . :

A characteristic feature of the ascents from April or May to
September and especially in July and August is that at a height
of about 2,000 feet from the surface the temperature increases with
height. The height at which the increase begins is usually marked
by stratus or stratocumulusr clouds. The region of increasing
temperature extends from about 1,000 to 3,000 feet in April and
May and is at a somewhat higher level, 2,000 to 5,000 fect from June !
to September. The height at which the increase begins, its vertical |
extent and its magnitude vary from day to day and with time of !
day so that its existence is shown on the table of average values

C
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merely as a reduction of the lapse rate.  On clear summer afternoons
the inversion vanishes and high lapse rates develop in the lower
layers.

The ““ inversion ”’ separates two different air masses. Below the
inversion the air is moist sea air moving from W. or SW., whereas
above the inversion the air is dry and moves from @ northerly
direction. The inversion vanishes when the old monsoon air, brought
by depressions from the Bay of Bengal, replaces the dry-warm air
above the inversion or when fresh monsoon air comes in great depth

and replaces the previously existing air. The destruction or weaken-.

ing of the inversion is a preliminary condition for the occurrence of
adverse weather phenomena.

Detailed information of temperature at heights above 10,000 feet
is not available, but there is evidence that in the cool season freezing
temperatures are likely to occur between 12,000 and 13,000 feet,
and during the SW. monsoon above 16,000 feet.

At the heights at which temperatures at or below the freezing
point have been recorded, the air is generally only about half
saturated, so that ice formation does not appear to be a serious
problem, at any rate within the lowest 10,000 feet. Ice formation
on the wind-screen was experienced by planes flying at 13,000-
14,000 feet in thick altostratus cloud on December 17, 1937, when
the temperature was between 22° and 25° F. ,

3.—SEA TEMPERATURE

The position of the isgptherm of sea-surface temperature 80° F.
is shown on the monthly charts of surface wind, Figs. 3-5. No
isotherm is shown on the charts from December to March because
in that season the temperature everywhere lies between 70° and
80° F., nor in May and June because the temperature then exceeds
80° F. over the whole region. ‘

- The mean temperature in all months of the year is shown in the
following table compiled from ships’ observations during the years
1855-1917. "

MEAN TEMPERATURE OF THE SEA SURFACE

‘| Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dee.

) . : degrees Fakrenheit
Makran coast . 72 72 73 79 83 84 &2 81 80 80 79 78

Ara‘l)ian sea o '

20-24° N, 74 74 76 80 83 83 8 78 80 81 79 77
Consts of Kuthiawar

Cutch and Sind 75 75 77 80 83 8 81 81 8 81 8 77

Authoridy ~Hibliography No. 44.
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The tigures give an approximate mean for the sea off the coast,
or, in the case of the Arabian sca, for the area 20-24° N 6 66° E.;
the average values in different parts of the coast may be 1° or 2° F.
above or below the figures shown in the table,

In all parts of the region the temperature of the sea surface is.
lowest in January and February and highest in May or June, the
range in the monthly means being about 10° or 12° F,

4—RELATIVE VALUES OF SEA AND AIR TEMPERATURE

The difference between the temperature of the surtace of the sea
and that of the air above it is comparatively small at all times of
the year. In general the air is slightly warmer than the sea from
April to October and the sea is slightly warmer than the air from
November to February. In March therc is very little difference
between the two. : : :

In the northern portion of the open waters of the Arabian sea
the difference in temperature between the sca and the air nowhere
exceeds 2° F. at any time during the year. - Near the coast, however,
the difference in temperature may be a little larger and off the
Makran coast it may amount to as much as 34° F.

* ' VIII—HUMIDITY

The mean monthly relative humidity and the mean wet-bulb
temperature at the morning and afternoon hours of observation

-at Pasni, Ormara,  Karachi (Manora), Dwarka and Veraval, are

given in the general climatological tables on pages 61-5.
The data are based on records taken over a period of only about
five years so that the figures are liable to some uncertainty. The
diurnal variation of relative humidity is large (see page 56). The
following description of the seasonal distribution of humidity is
based on the observations at about 0800 local time at which hour
the humidity is not far below its highest value of the 24 hours.

The mean relative humidity at 0800 taken over the whole year
is about 75 per cent. It is lowest in the Gulf of Cambay and at
Veraval in the south where the mean is rather less than 70 per cent.,
and highest at Gwadar in the west where it exceeds 80 per cent.

In all parts the highest monthly means are during the SW.
monsoon between May or June and September, and in most parts the
lowest are in January, but the annual variation betwcen the two
extremes is irregular. In all parts February is exceptional in showing
higher values than either of the adjacent months, and on the Makran
coast November is exceptional in showing lower valucs; but
whether this irregularity is a real phenomenon or is due to the
shortness of the period is uncertain. . : '

The annual range is least on the Makran coast where it is between
10 and 20 per cent.; south of Karachi the range is much higher;
at Dwarka it is ncarly 30 per cent., and at Veraval 50 per cent.
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Seasonal variation

Cool season (December to March).—Throughout this season
the mecan relative humidity is higher on the Makran coast than
elsewhere and decreases eastwards. In- Japuary when the humidity
reaches its lowest values of the year the mean at Gwadar at (800 is

“about 75 per cent., at Ormara 65 per cent., at Karachi and Dwarka.
between 50 and 55 per cent. and at Veraval less than 40 per cent.

The humidity shows remarkable changes from month to month ;
it decreases between December and January, increases very rapidly

again in February, especially in the south, and decreases again in

March. ‘

At Karachi low relative humidity is of frequent occurrence from
December to the end of March during which period dry north-
westerly winds from the Baluchistan Plateau prevail. - These
exceptionally dry land winds occur after the passage of cold-weather
storms from Sind into Rajputana and Central India and also during
the existence of strongly marked hot-weather depressions in March.
A relative humidity as low as 6 per cent. has been observed on these
occasions in January and March. :

Hot season (April and May).—In April the relative humidity at
10800 on the coast is between 70 and 80 per cent. and in May between
75 and 85 per cent. with no regular variation from place to place.
At the head of the Gulf of Cambay the humidity is lower, namely,
50 per cent. in April and just over 60 per cent. in May; a more
rapid increase occurs in this region between May and June.

At Karachi low relative humidity is experienced in April when
strongly marked hot-weather depressions are situated over Upper
Sind, south-west Punjab and north-west Rajputana.

SW. monsoon: (June to September).—The relative humidity
during this period is very uniform along the coast, the average
being for the most part between 80 and 85 per cent. ; the decrease
inland is much less than in the cool season. On the Makran coast
the humidity tends to rise slightly between June and September,
but the amount of the rise is less than 5 per cent. From Karachi
southwards there is a rise of about 5 per cent. between June and
August with a tendency to fall in September. - o

Post SW. monsoon or interim period (October and November).—

With the withdrawal of the monsoon the relative humidity. falls

rapidly everywhere. At Gwadar, where the effect of the monsoon
is less noticeable, the fall between Sceptember and October is less
than 5 per cent., but eclsewhere it is about 10 per cent. and. at
Veraval as much as 16 per cent.  The fall continues, but more
slowly, in November,

. Diurnal variation.—The diurnal variation of relative humidity
is dependent very largely on the diurnal variation of temperature.
At sca where the diurnal range of temperature is small the diurnal

. .
C : .
/ . ¥
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range of humidity is also small ; but on land, especially i the season
when skies are clear, the range of humidity during the day is com-
parable with and in some seasons even greater than the annual range
of the monthly means.

Mcan hourly values are available only for Karachi. They are
based on observations taken many years ago when the exposure
of the thermometers differed from that at the present time, so that
the exact values are subject to some uncertainty and are not strictly
comparable with those giveri in the general climatological tables.
The results are set out in the following table which gives the highest
and lowest hourly yalues of humidity, the hours when they occur,
and the difference between the two. o :

Muakraw coast

Karachi.—piurnaL VARIATION OF MEAN RELATIVE HUMIDITY
Period : 19 years.

Maximum Minimum
Month e Range .
Time % Time % )

January .. .. 0600 68 1400 41 27
February . 0600 71 1200-1300 39 32
March .. .. 0500-0600 81 1200 45 36
;\‘pn] -« .. | 0500 83 1100-1200 51 32
ay .. .. 0500 89 1100-1300 62 27
June .. .. .0500 85 1300 62 23
. July .. .. 0400-0500 88 1200-1300 70 18
August . .. 0000-0600 86 1300-1400 69 17
September .. 0500 89 1300 63 26
October .. .. 0500-0600 83 1200-1300 47 36
November .. 0500-0600 64 1200-1300 36 28
December .. 0500 60 1300 35 25

Autharity.—Bibliognphf No. 52.

The results show that the highest humidity of the day occurs at
about sunrise, between 0500 and 0600 in most months of the year
but slightly earlier in the summer than in the winter, The lowest
values are between midday and 1400. The range in the hourly values
is least in July and August when it is less than 20 per cent. and
greatest in March and October when it rises to 35 per cent. In most
of the other months the range is between 25 and 30 per cent. The
humidity falls rapidly between -0800 and 1000 and rises rapidly
between 1600 and 1900. “

From these results it can be inferred that the values of relative
humidity at 0800 given in the general climatological tables are likely
to be slightly below the highest values of the day, and those at 1600
are likely to be somewhat above the lowest values.

The data in the general climatological tables show that at 1600

in January the relative humidity is between 15 and 20 per cent.
lower than at 0800, whereas from June to August the difference is

(
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only about 5 per cent.  Veraval is exceptional in showing appreciably
higher values at 1600 than at 0800 throughout the months {rom
October to April; no doubt this is to be attributed to a change
from land to sca breeze in the afternoon. The situation of Veraval,
with high land to the north-east, probably augments the sea breeze
and at the same time prevents the NE. monsoon from exercising
. its full effect. :

Humidity in the upper air.—The following table gives the
humidity in the upper air over Karachi; it is based on the same
aeroplane flights as the-table of iipper-air temperaturcs on page 52

The data arc based on observations of dry- and wet-bulb
‘tempceratures. ’

Jan. Feb. Mar. \pr. May June July Aug. Sept. Oct. Nov. Dec.

feet per cent. )
10,000 37 40 35 49 31 30 50 54 46 41 31 32
8,000 33 35 37 41 27 29 49 52 43 39 32 M4
6,000 | 34 34 36 38 25 30 51 53 39 38 31 37

4000 | 36 36 36 39 30 49 69 67 S50 37 30 38
2,000 43 41 41 49 55 72 81 81 76 41 33 38
1,000 45 44 45 51 61 72 77 .78 75 42 35 39

500 46 46 47 50 61 69 72 74 71 43 36 39

Surface 46v 48 49 S0 61 66 68 71 68 44 37 40

Authority.—Bibliography No. 42.

On the average the lowest humiditics of less than 30 per cent.
occur at about 6,000 fcet and above in May and June, and the
highest humidities of over 80 per cent. at about 2,000 feet in July
and August. This is the height at which during those months a
sheet of stratus cloud exists almost daily in this region.

- The rapid fall of humidity in the lowest levels between September
and October due to the replacement of moist air from W. or SW. by
dry air from E. or NE. is well marked. In general, humidity decreases
with height up to 6,000 feet, except during the SW. monsoon when
there is an increase up to about 2,000 feet. The existence from May

to September of a dry air mass of continental origin above the moist -

sea air, to which reference has already been made on page 53, is
“shown by the rapid fall of humidity above 2,000 feet in May, Junc
and September, and above 3,000 feet in July and August.

Records of individual flights show that relative humidities of
over 80 per cent. have been recorded at nearly all levels and 90 per
cent. has been exceeded at many heights especially during the
months from Apil to September. Very dry air, with humidity
below 10 per cent,, has been found at heights above 3,000 feet. from
October to March and also in May to June.

Wet-bull temperature. - The average values of wet-bulb tem-
perature at the morning and afternoon hours of observation are

29
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imhh!vd m the seneral Chimatolosicoal Gablee Sl waloges Ve D
zoad idea of the combined elfect of lugh temperature and hmidity
on human comfort, and it is considdered that when the wet bulh
temperature exceeds 78" F. hard mannal labour s unpracticable
except for quite short periods of time. The results show that the
average wet-bulb temperature at all places on the con s exeeeds
the critical limit only during the months from May to July; in

August and September it lics sometimes above the limit and some-
times below. » '

IX—MISCELLANEOUS
1.—THUNDERSTORMS

The average number of days per month on which thunderstorms
occur at Pasni, Karachi, Dwarka, and Veraval is given in the general
climatological tables on pages 61-5. The duration of the
;ecqrds_ is, however, too short to give more than a very general
indication of the annual variation. '

Thunderstorms are by no means frequent in any part of the region
and are least so on the Makran coast ; their frequency increases

slightly southward of Karachi, the annual total there being between
10 and 15.

Thundery weather is occasionally caused in association with
tropical depressions and cyclones ; on the Makran coast it occurs
chiefly in the transition months between the monsoons, and south-
ward of Karachi at any time between April and November. At

- Karachi the chance of ‘there being a thunderstorm is greatest in

July, at Dwarka in June and at Veraval in June, September or
October. In the cool season thunderstorms sometimes accompany
the cold fronts of western depressions. '

The total number of thunderstorms at Karachi varies very much
from year to year; in the period 1914-23 the year when thunder-
storms were most frequent was 1917 with 25, and the years when
they were least frequent were 1918 and 1920 with only § each.

Spells of thundery weather at Karachi arc somewhat rarc but
occasionally thunderstorms are severe. Not infrequently they
are accompanicd by squalls. On June 29, 1936, for example, the
wind speed during a thunder-squall reached 70 knots and did
considerable damage to buildings at the Aircraft Depot at Drigh
Road. The squall was accompanied by a sharp fall in temperature
of 18° F., by a rise of 35 per cent. in relative humidity, and by a
fall of 8 mm. (0-3 in.) of rain in 15 minutes. '

A special study of thundery conditions at Karachi during the -
periods before and after the squalls has shown that the thundery
condntlon.fs occurred when the inversion of temperature, which is
characteristic of the monsoon months, was absent, and when there
was a layer of air suflicicntly deep to give an appreciable amount
of energy of latent instability when raised to a certain level. The
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upward convection might be caused cither by insolation, the arrival
of sea air or by convergence. It may be noted that in the first two

cases  the

thunderstorms will occur only in the afternoons and

evenings, whereas, when the ascent is caused by convergence, the
thundery conditions may occur at any time of the day. -
The conditions for thunderstorms are similar to the conditions

for squalls

Dust- or sandstorms are fairly frequent in the arid regions of -

Baluchista

described on page 22.
2.—DUSTSTORMS

n and Sind during the dry hot weather from March to

June. Duststorms are most frequent in the afternoon, but they
may occur at any hour of the day, and are by no means uncommon

even at ni

ght. The dust may sometimes extend up to a height of

10,000 feet. ‘
The following table gives the average number of duststorms that
have occurred on the east Makran coast from Gwadar to Karachi

in the different months of the year.

duststorm

The criterion used for a
is that the visibility is 5 or less on the international scale

(i.e. visibility less than 2 nautical miles) and the wind speed on the
surface is above 22 knots. .

Eisjt'Makran coast,—

AVERAGE NUMBER OF OCCASIONS IN EACH MONTH ON WHICH

DUSTSTORMS WERE REPORTED
Period : 2-3 years
'Jan. Feb. Mar. Apr. May June july Aug. Sept. Oct. Nov. Dec.] Year

. Gwadar
y Pasni .,
* Ormara
' Karachi

0 1 2 o0 3 1 o o o s
2 1 3

1 1
1 1 1 0 2
[} 0 2 2 0 0 1. 16
1 2 1 0 1 1

oo

1 0
2 1 1
2 4 4 1 9
3 3 4 0

Authority.—Bibliography No, 17.

On the Makran coast from Gwadar to Karachi duststorms are
most frequent during the months of March, April, May, and June,

and of the

se May is the most windy and dusty month.

From June to September duststorms may occur orcasionally

- owing to
i coast ;

the passage of an eastern depression along the Makran

these castern depressions may have originated «ither in

- central India or off the coast of the Bombay Presidency owing to the
revival of the SW. monsoon after a period of inactivity. Secondaries
to these depressions are one of the chicf causes of duststorms- in

this area.

Duststorms occasionally occur during the months from October

to Februa

of the year.

front of a

ry, but they are not so frequent as in the other months
They are usually caused by the passage of the cold
western depression and are not infrequently followed by

thunderstorms.
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do SEA AND swiny,

Table VII shows the pereentage frequency of different states of
the sea at two hours of observations, one in the morning and the
other in the afternoon at Pasni, Karachi (Manora), Dwarka and
Veraval. , :

Over the whole area rough seas as a rule are only ¢xperienced

- during the months of the SW. monsoon, i.c. from June to Scptember,

except on the Makran coast Wwhere they are liable to occur also from

On the east Makran coast from Gwadar to Karachi the arrival
of the SW, monsoon is announced in June by a heavy southerly
swell, which in this month will probably be out of proportion to the
amount of wind experienced. = This heavy swell rolls up on this
coast throughout the months of the SW

be experienced alternating with a few quiet days.
season, also, eastern depressions may occasionally pass over the
region and cause rough seas and squally weather.

and ause a considerable sea.” At Karachi heavy rollers and swell
are.experienced outside the harbour from the middle of May until
the end of September. * :

4 —TURBULENCE AND BUMPINESS

During the SW. monsoon bumpiness is generally associated with
the cloudy conditions then prevalent.

At Karachi and on the Makran coast where thefe is often a
low:lymg inversion at some height between 3,000 and 6,000 feet
during the months from May to September, turbulence is generally

confined to the layer below this inversion.

| T
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-

Pasni. 25°16°N., 63°29'E., 10 1.

-Times of obs. :

0830 and 1630 (Z-4})

l Pressure | Air Temperature Rain Wind -

) ; 'y = =
M S L. M;?“ Mg?n Extreme 5 - : % 3 b:’eercentage tpf -2 El S
) w S . 5 Ol rvauons rom 3 8 2 5
Moath [T T ol ' s &l g 5 2.5 E a2
B - - 2 B O I O I b (3] 28 [§|w|F 21288 3 |23
g .3'5 g za ?.E = g § g g k] ég § ' g ‘§- g % 5?-3 = ﬁ?-
3 S |EE|RE] @ . . 5 -1 ] ' T2 Z (T8
3 1E1ETENE 8|28 & |8] S¢S VB |a|&|~|velE sk s |sw]wvw| 3| S |25 & |25

mib. |mb,| °F. | °F. | °F. | °F. | °F. °F.}°F. | mm. in. mm. in. days t l ; . Observations at 0830 (Z2-44)
anuary .. | 1019 .1 65 1.75 5 | 81 |1 47 | 89 | 39 50 2-0(2 1581 59102} 0 §128112)114]:1 <1 <1 81221152 69 | 3-4) 55
February.. | 1016 6717715618645 95| 31 29 1.1 ]1 82 320 1 5l141-7]14 3 |1 1]11j2812212 79 | 3-2) 59
March . 10131 £ 173|185)62|951|53 (102 ] 47 14 0-6 | 0-8 87 3:4 {0 21 8112 6 7 i<t <1 1927 (25| 2 66 | 2-3! 65
Apnl 700 010 ) 51791 90 | 68 [100 | 61 107 | 50 7 0:3]10-4] 36 1-410 2 [} 7 4 4 5 2 438129 712 |71 )22 72
May 1o | = | 841 94 |74 106 | 68 (110 | 58 1< 110 8.0:3|0 5|17 2 2114 61 111141 18] 712 74 1.1-9/ 78
June 1000 z 86 | 94 | 78 {104 | 73 [115 | 61 9 0-4]0-3 127 5-:0|0-2 4 6 1} 2118} 12 3|14 (331} 12 512 74 | 3-6| 80
Juv .. 999 | Blses o1 |slos|74fi07|{6s]| 9 04]06 71 2:8]0 3| si<tij<i|13f17f sl18f2¢| 8|13 |77]| 7380
August .. L1002 ) 71 83 | 89 1.76 | 94 | 72 1105 | 63 6 02105 42 1710 3 5 0} 211513 Sl21{28| 61100617277 77
September | 10071« | 811 90 | 72 {100 | 67 105 |-57 0 0:0}0 1<-1]0 2] 6] 4|1 115 7 2 9132117113 0-8]81 | 46|75
October .. [ 1012 | £ 179191 167{99]59 {105 ] 51 0 000 2L 110 2 S|11j10{12 41.2 2(120(23116 |2 70| 1-9] 71
November 1916 73 -85 { 60 | 93 | 51 [100 | 37 .5 0-2]10:3 51 200 ~1 4118111 4 0 0 <l 11 1321231020621 1-8] 64
:December 1018 67|78 |56 18 |47|90(40] 25 1.0 2 67 261(0 31 4]19(12] 8| 38|<1 0| 827230672 3-0 59
‘Year .. ' 1010 l 77 i 87 167 | — | — “5 311155 6:2 |8 151 59104281 5|1 9] 6| 6] 2| 7]23i21115119|73 3'6‘ 70

. Month i Observations at 1630 (Z-4})** .
\
—_— 0,

Authorities.—Bibliography Nos. 17, 27, § 52 53, ‘Lanuary — 0] 5] 7] 141675 15] 3 572 15~ 2575
~ Periods. —%t;s‘%lr:.n (l,lor?af:‘sIS—ZO years. B Mebnll‘a.ry T g : z 10 | 14 | 33 | 27 ? 312 |59 §~5 65
1 g 0|2 9
No. of days with thunder, poor visibility, 1933-7. a:lcl .121 0 <1 é] <‘: lg :; 3; E) <(‘) § 25 . 2“1); ‘7;3

e s B e, is30.7, AR E XN ISR P A AT A LR A e b
spe - - = > . ) 5 . 9
Relative humidity, luli, 1934- June 1938. June . < <! 0 3 51134732 0 0 § ',71 l 8 8"
Clond amount aud wet-bulb ter prature, 1928-37. July .. ‘é <t] oi<t| sj22|s0f2tlctl<i|2 [72]43 &
Notes.—**Reforeé July, 1934, the obscrvatid,. were at 1830'(2-44). August . 'y 0l 0|<t| 4]17|53)25] 0 <110 |'71|4-0f 78
' Observations at 0800 (local tane.. September - w] 0] 0] 0] 1 71(53138F 1] 008 71]1:2 77
, {max. 4 ). October .. | g <1 1 11 4j1138[3}| 3| 3]|0-8 610375
day with 2:54 mm. (0- 1. in.) or more of rain. November. . <l 2|1 | 5]|15}|40] 5 2] 4104 5311-6] 70
D.l)’ with wind of torce 6 or more_ December . . 5 3 4151528 19 3! 8 0-8 58 | 25| 65

11 Mean of 24 hours, - -
1 No. of days with visibility less than 2 nauucal nulet. Year .. 21 11 21 6l12142|31| 2| 226 | 63272 73

31

$3)qv3 (p2130]1010W1)D PLIUID—] 219D |

199
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*  Ormara. 25°15° N., 64° 39’ E., 16 ft.

Tgnu; I—continued

Pressure - Air Temperature ail Wind
H at = s
§ MS. Mcan Mean | t ] ) ) Percentage of > ol 8 .
S.L. _of of Extreme = R P é observationg from 3| 28 ¢
Month b ° . . : 5 ag ' " e FEE - g ‘g g .':.’E
. . - - " . 3 . | k] - =
? S |-B S8 BB E(8] § 8] S5 | Elw <l 2123 e |28
» E |25/ E|ZE|2E| eS| B |s| 2% | 2|E|R ol ' £18|5E 5 (3¢
< a7 < alE|3|E ]S < z| =28 | E|&|&|N|NE[E [SE|S. S| £ |20 |zs
mb. |mb.|F. |°F.|°F.|* 4 °F,|°F.|°F.| mm. in, mm. in, daye| 11 | Observations at 0830 (Z—41)
anuary .. | 1018 65|73 156]80)44 ] 85|36 28 1141 85 3-3 2 4 S| 13 7 3 5143 31
ebruary.. | 1015. 68176 | 60|85 149189 |43 42 1:6]2 73 291 2 2] 5] 511 6] 2 61 44 3:3
March .. | 1013] o | 75183 |68] 93|56 | 98|49 5 0.2]0:4 22 09| | 31 7] 4111 2 1 9|33 2 2-4
April .. ] 1009 | 5 |82}901| 74 [100 | 66 |104 | 61 13 0:5]0:6] 40 16| = 4110 2 4 3 <1 10}16] 2 2:2
May .. | 1005 -s 8619380108 |75 M7 |71 |<I<L-1}0 1 s-l g 8|11 1 5 <1 0 E) 5173 2-3
June .. ] 1000 | |87} 93| 82100 |78 {104 .5 0210:3] 45 1-8 : 6| o 1 6 0 1 6| 6 z 4:1
- [} i
Juy .. f 999 | % | 889081087400 28 112 | 73 20| | 3] s 2| 2 2| 4 6| 5|8 71
ugust .. | 1002 | & | 83| 87|79 | 03|75 |10 2<-1102 13 05| 3| 2| 8| 1] 2 <1 | 2 s| 2¢ 7:6
_ September | 1008 | » |82 187 | 76 [ 97 | 71 108 <t<1]o]| 2<1|( 8] 2| 9] 2| 3 2|1 6| 8|8 5-4
: October .. | 1012 | = | 80| 90| 71|99 |61 101 L1 <L 110. 1<L-1 1 (] 4112 4 g 1021 a 2-2
i i November 1016 | = | 74 | 85 | 64 | 93 | 55 | 95 2<L1{0:1] 11 05 1 4 5|12 9 5] 45 417
i .. December 1018 68 [ 7715984491 88 31 12 ] 2' 75 2-9 2 4 4111 8 3 3147 126
Year .. | 1010 78 | 85 | 71 1106 | 43 In7 156 6119 85 3-3 36| 71 31 8 31 2 6123 3-7
Authorities —Bibliography Nos. 17, 50. . Obscrvations at 1630 (Z-44)* :
) ‘ . ) 2] 3 11113 611 2-5 6
Periods. .—Pr;_ss!\;n:,s ;:mp.. rain and cloud amouant, Mar. 1628- . <1 ]| 4 7] 8 1] 9 ,2,7, .
- eb. . [ 0 1 2| 8 ] 1.8
Strong winds, 2-3 years, _'g <i] 1 2] 4 % o= 1.9
Wind (speed ‘and dircction), 1930-7. Z/0] o 2|5 RIREE- 1-6)
Relative humidity, July, 1934-June, 1938, > <1 1 3in 2 3 1277
Wet-bulb tcinperature, Feb, 1928-Jan. 1938, s .
TN ve B July, 1934 , g <(!’ Cl) ; }f : : E -
oles.—** Before July, 1934, the observations were at 1830 (Z-43). 3-6
" 4 Observations at 0830 (Z~43). @4 2{ofo 2| 6 1/70f 2 ]-4]
“ ¢ } (max. 4 min.). al 1kt 3] 8 21 7@ 0-4!
g ay with 2:54 mm, (0-1 in.) or m 211 7|14 2|1 1-3° 6
Day with wind of force 6 or more. 1) 2 10 | 15 1{18 2:3 6
# Mcan of 24 hours. - - (
1 5110 2 S 2-1i

32 The period is too short to give a reliable mean.

Times of obs.: 0830 and 1630 (Z—4p)** &

#5002 uviyvpy
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E Karachi (Manora).}{ 2448’ N, 66°59' £, 13 it.

" TABLE I—continued

Times of ohs. :

0300 (local tirre

and ie) (Z-44).00

i | Pressure Air Temperature Rain Wiad
H ! at . ¥ — w
; { MSL. Mean Mean |5 o ome 2|2 Percentage of I R
| of of = o ER R ohservations from ; o 51 &
Month - _ 1 < [S E S| 8 o sl 9 3
% R @ 3 3 g| 2 i 2 El83
i % & ; el el 2] ) T S8 8 i $=| a |33
: [T I IO I < P E 4 E g ] ‘s o Bl - 23| o5 |8 E
i | 2155 Z 155|535\ 8| 2|8 ¢ E o |ls| B | 2|3 E_ ' 3 SEl 2|5z
; I < (€ |'e=jQ |& |m]R]|T|< < Z =28 =] w | @|N|NE|E.[SE.| S. [SW|W.|INW,| J | -~ |ZE] T [2&
b - - -
: mb. |mb. | °F, | °F. { °F, | °F. | °F. | °F. | °F. | mm. in, mm. in. days LAJ I Observations at 0800 ‘loc'”._u_r}.w,! ’ S
\‘l_nnuary .. {1017 | 3-7167 | 76 | 58 | 83| 47 | 89 | 40 13 0:5}1 42 1-60-4 2 711915915 <1 0 0 0 4 21 52| 2-61 50
! February.. | 1015 | 3-7,69 {78 | 61 | 86149 |93 | 43| 10 041 | 26 1-0 0.7 2| slia|35|12| 1| o 4|18} 3] 1| | 72|23 61
! Mareh 1012 | 3-4/ 74 182168 |97 |57 06|47 8 0-3}07] 40 19|07 4|10|1a|26| 5| 1| o} 626117 5|+ 170! 2.4 635
b April 1008 | 3.1} 78 | &5 | 74 |98 | 66 111 | 57| 4 0-2}0.2/ 104 4-1{06| 8{11| 8| 5| Sl<1|cr|15|51}15| 2] |77|2-6;73
! May toud {31} s3!189 79 10274 8| 65| 2<-1]0-1 31 1-2]1 613 1f 1] o)l 0} 133|572 6| t|: [80]3379
. June 999 | 2.4/ 85 | 91 | 83 1101 [ 79 {114 | 68| 22 0-9|0-6{ 182 7-2|03] 9 |1a|1| 2| o<t <t |a9f35) 2| o< {81548t
Juty 999 | 2.4/ 83 | a8 |81 {96 |77 o 73] 75 292 | 154 613 7|14 2|<i| o) 3| ofs7{53| afl-1|- {84]738s0
Auguit .. [ 1001 [ 2.4} 810 |83 |78 ] 91|76 t99 | 73| 42 1.7{2 | 107 422 4113 of of of o] o]38|58) 4] 0]. |8]75 78
Senterber | 1008 [ 27080 | 86 177 | 93173 (106 | 69| 11 0.4 | 0-6] 53¢ 2.1 |2 3110 3] 11 of of of27]|59) 9| 1|vei84]4.876
Octoter .. J 1011 [ 3.1 79 | se | 73.1 90 | 63 o |57 | <t <-1]0 6 02105 3| 78|17} 7} 1] o0)13[2e}17}1]: |75]|1673
November 1015 |'3-4: 75 1 85 | 67 | 94 | 57 {100 | 48 1.<-1{0-1} 22 090 1| 612352 7 0 0 1 51 71 51 671 1-1] 66
Decomber 1017 3-7| 6% 178 1591865009139 4 0-110-5 22 0:9]|0-2 1110 96022 3} 0] 0} 3| 3| 0} 67 1.9 58
Year .. 11009 |31/ 77 {84 [71 103 |47 181301192 7.5 |90 lus2e 72112 |50 | 10| 9l22| 6 \<1)<i|19|33| 81 2| 1 75| 3.6 70
4uihorities.—Bibliography Nos. 17, 27, 46, 50, §2, 53. Month : i I
Periods.— Pressure lav.‘:ru,:«:) and cloud amount, 32 years. " Observations at 1600 (2}
Pressure (daily range), 20 years. January .. 2115 7112111129716 YR I 36 58
Temp. (average, mean daily max. and min.), 13 ycars. February .. <t 71 2 4] 4149(32}| 1| 0o 2 57 66
Temp. (mean highest and lowest, extremes), and rain, March i<t 1] 2 <8440 |1 0| 6 60 70
43 years. April 0 0 0 0|1} 589 {39 <1 0 15 |76
No. of days with thunder 1914-23. : May K10l 0] 0 0] 3621351 0] ofn274] |81
Strong winds, 2--3 ycars. Wind (speed),1873-94. June o 1K1 0 K1 1 3167126 1 0 75| |82
Wiud (direction), poor visibility, rel:tive humidity and &0 ) a
wet-bulb temperature, 1933-7, July el .1 L0 116530 1 0 78 | =181
. August 0o of o <1 |61 |37]|<1| o (78] & |79
Notes.—3$$ Manora is a smallisland to the soath of Karachi harbour. September ﬁ 21<t} 0} 0] 0159137 1| o 2761 ¥ |78
® Local time is 2 min, slow on Z 44. October .. 10 <1 0 (<1 1157 |40 1 0| 4 69 77
t Corrected to mean of 24 hours. November. . 0 71 3] 3| 2148(35} 2 O -4 58 72
' Differrnce between means at 1000 and 1600 local time. December .. 0 6 8111114714415 | I S O I 51 65
$ Day with 254 mm. (01 in.} or more of rain, ) S—
* 206 mm. (8-11n.) fell in 24 hours in Sept., 1926. Year .. <1 3] 2| 3] 3|55])32 1 <1 i | 65 74
§ Day with wind of force 6 or more at Drigh Road. : -

13 Mean of 24 hours.

4 No. of days with visibility less than 2 nautical miles.
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Dwarka. 22°22’N., 69° 05’ E., 37 ft.

TABLE I—continued

Times of obs.: 0800 (local timé) and 160 (Z-44).%*

Pressure Air Tempcrature Rain Wind
M gtL Mean Mecan | a2 P t £ Y - &
S.L. g . ercentage o Z 1
of - of Extreme = 1 ¢ E observations from = '3 5
Month - o . . - N s = °>‘ g |=2
. © AR » 2] - - ] =0 o £ L el g |Ee
@ Flael sl Elelvlely & 3 S= |3 5123 K
’ £ |ZE| E|zF2F| 5 L5 8 £ %] s | 5| ARREE E-REY
EIEE SR |3 | @ e ; 5 : =!8 €5 8 |28
282|812 |EIR|g|8] @ |[£| Zs | E|&|N|NE[ESE|s |sW/W|NW]|C & 22[C |88
1 1 DL
mb. |mb.}| °F. | °F. | °F. | °F. | °F.l°F. [ °F. lmm. in. | mm. in. | days _'l Observations at 0800 (local m?"") * -
{_anua.ry .. | 1016 69 |78 160 | 85|54 92|46| 2 0-1]0-21 20 0-8 0-% 713215010 1 [ 1 3 3106 3617 56
ebruary.. | 1015 70|78 |63|87154|96|47| 8 0.3[{0-5] 64 2:5(0-2| 82716 6 I 0} 611424 6105 72|20 64
-March . 1012 | £ 17518271 {93|61|99|46| 5 0-2]|0:4] 47 190 8130110 4 1 <1 3114 1371<i {0 67122 67
. April . 1009 | R | 798576 |90|72/100]|63| 1 <-1{01 24 1-:0/0-2] 8|13 1 0 <1 3]117133(26 0! 0-2 772474
iMay .. 11006 % | 8388|8091 |77(108{68]03<-1]0 8 03|0 10 5] 0 1 0] 3146139 6| 00-2:79|2:6/ 78
! June .. | 1001 2 841898293 (78|98|73 |54 212 194 762 11 2 <1 |1 1 4153|131 5, <1 |2 .50/5-1 80
July .. | 1000 é 82|87 (81 |191|76|96]|73(153 6:0|6 |274 10-8 |1 131 3 0! 0 [<1 1 56 33 1 a7 ,*4 7-41 79
August .. ] 1003 | - |80 |85 |78 (87 |75|88)71(8 3215 |30211-9]0 11 <1 0f 0 0]<1 | 85442 31 i3 %41 7-8.77
September | 1007 | < | 81 | 85| 78 | 88 | 75 | 99 | 72 } 27 1-112 136 5:310.2] 7] 3|<1 <1 31 §{35(32]15 BIRAS | 2] 4-8 76
October .. | 1011 | 5 | 80 |87 [ 76|96 |69 (100 |64] 9 0-4]0-3{ 138 5410 6(31 18| 3| 31 3| 4117[17| 4101 7v)2.3 74
November 1013 77 187 ]69}194162|9957]0.8<-1]0-1] 21 08|04 63739 101 <1 K1 4 7 POy "4 1.3 69
December 1015 70 | 81 | 61 | 87 |54 | 91 | 47 1 -1/ 0-2) 13 0-5]0-2| 6|27 |44 |20 <l 0 |<1 215 ti1o 51 |-5f 61
Year .. | 1009 78 | 84 | 73 | 98 | 52 |108 | 46 |343 13-5 |17 | 302 11-9 | 4 glizius! sl 1] 2l23l2slizl =us 331347
’ M Obscrvati t 1600 (Z-44:°*
Authorities.—Bibliography Nos. 27, 50, §2, 53. onth - servations 4 L :
January .. 19123; 51 0<1 1 7144 e ¥ 159
Periods.—Pressure, temp., rain (average fall and no. of days) and February .. 6| 6|<<1| O0l<l | 64337 [ 3 167
cloud amount, 20 yea March 2 3{ 3| 1|1 0] 3144145 v b 3 )
Rain (max. fall in 24 homs), 1901-36. April ] 0| 0{ Of 0o O 13|66} 21¢+ . ¢ [
No. of days with thunder, wind (direction), poor May LlE <] 0 0 44351851 5 0 aopE T
Yggbmty, relative humidity and wet-bulb temperature, June cel oz 0}l 0y 0| O} 2|61 13} 2, v 2 B 8
: i &,
Wind (speed), 1901-20. July .. § oy 0y 0f of 3/s9t37f 11 n:e 9|79
Au ust o 0 0 0 0 0] S5} 44 K1 632 079 iy
Notes,—** Local time is 6 min. fast on Z-4§. Sepg:ember Sl<i| ol<t]| 0] 3]35746]15] 0 : 1 77 '% i 57
t Corrected to mean of 24 hours. October .. | a | 6] 8| 2] 0] o] 7|29[48] 6 0 !4 V73
ég:;‘rnwgghth?m_rgm- (0-1 in.) or more of rain. November. . 15 ;; 3/ of 1} 2(15{50]| 0 0v 34 L0
Dece: . 24 41 0 313133 |<Ciley 5, ]
9 No. of days with visibility less than 2 nautical miles. mber i 0 =t (- ~ e
Year .. 6| 6| 2l<i| 1tlz2elaslos|<titeg 51 73
34
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TABLE 1—continued

$21qv) (V31301010 U] [D4IUID—] 14D |

Veraval. 2¢° 53 N.,70° 26’ E., 19 ft. Times of obs. : 0300 (local time) and (00 (Z-4§).%*
Pressure Air Temperature Rain Wind
s Mean - | Mean a8 Percenta RN &
Me ge of 2 - °
‘ MS.L. of of Extreme = . p § observations from z " g ;
' - . = 1B L Z 1,35 2la2
Month | g | I ERIRr s |3 38 | 5|4 £ 123 5|28
R Pt R o) = R I I 7 . ] o g E|l = |38l 8|25
£ |28 s |5E|FE| ™| 2| 8|8 g s N - o | e &2 lg5 E (xS
z 2= lalz|3|E|3 < z| =5 | & |&|N|Ne|E [sE]s |swlw |nw| S| £ 1835152
Y 1 P 0 l 1 LX)
mb. imb.| °F. 3 °F L °F L <F, 1 °F, | °F, | °F, |[mm. in. wm.  in. [days | 1T | Obscrvations at 0800 loca t_‘m”.
lanvary .. | 1014 71 | 82 |60 | 89 | 57 | 94 | 40 1 <-110-11 13 0-5]0°2 4130 ) 36 3 1 0 I<1 0 41250 38 | 1-4; 52
February.. | 1013 71 [ 81 | 61 | 91 | 52 | 96 | 40 1 <1102 17 0:7]0-1 5{28 1|13 3 1 0 <1 3 9142106 61 | 1-4] 61
March .. | 1011 . | 73 | 85 | 65 | 97 | 57 105 | 49 211020 19 0:7]0-1 6|49 | 10 1 i<1 0t 0 2{24113}¢ 52 | 1-5{.83
April L1008 ) = 1791 86| 72197 | 65 1105 | 57 0 0:0j0 |<1<L1]05 6| 24 <1 0 1 3 316148 4102692273
May flonet S L 82t 86179 | 91| 73 104 | 66 8 031041123 492 7 4 0 0 2 4116129 | 37 81 0-2 81132 78
June e HN2 ) 2 B4 [ R6 (81 [ 891779374114 4514 199 783 9 1 0 0 <1 912914213 514 84 18:0] 80
<
July ol el o= | 82| B4 801 R7[76]93170] 174 689 259 10-2 ] 0-8 | 10 (1] 0 0 0 3127162 8 047 89 | 8-0! 79
Avgnst Lo P 1003 | 2 i 80 | 82 178 |85 175189173 96 3816 270 10-6 | 0-1 9 3 0 |1 0 1125 | 57 7 813 89 | 8-11 77
Septomber 7 | = 180 83177 18817398 | 69 59 2-314 277 10-9 | 4 5111 1 <1 2 7 718412 11712 85153 77
October .. | 1010 ] = 'S1 {89 | 73 | 98 | 67 {102 | 61 17 0-7 {0:71 174 6:8 1| 4 4137]15 5 418112123 0 5912272
November 012 6 = 1 731 89 | 68 | 95 | 62 | 99 | 57 § 0-210-1] 9% 35|06 4127 | 34 8 3 <1 0 |< 41230 50| 1-3; 66
December 1014 73 | 84 162191 | 5595 ] 46 2< 11021 26 1-0]0 413237 4 1 <1 0 0 312210 40 | 1-5! 59
Year. .. | 1009 I 78 185 ] 71 {100 | 50 {105 | 30 | 479 18.8 25 | 277 10-9 |15 612112 2 1 2 912116 16 {16 i 66 | 3-3] 70
L servations 1 y )**
Authorsties.—Bibliography Nos. 27, 46, 50, 52, Month ' Observations at 1600 (Z-4}) -
) : 3 anuary 13 4 0 3 6 (1428, 28 40 52 65
Persods.—Pressure, temp., rain (average fall and no. of days), ‘ebruary .. 1] 0 O0f 0] 414 (52|28 k. 1]0oz70 70
wind {speed) and clond-amount, 30-31 years, 1890-1920, March ] 21 01 0| 3} 4|1 6444010 |71 73
Rain rmux. fall in 24 hours), 1890-1936, April .. _-g 0] 0] 0 0| 3[13]48] 35 |1/ 02078 77
No. of days with thunder, 1914-23, : May 3 0 <1 <1 |21 41151521271 0ole 81| 2 | 80
Wind (direction), relative humidity and  wet-bulb June P 0] 0| 0 0} 74246 5| o]a |81 :’ 81
temperature, 1933-7. R . ) : &
' 1 ] (1] 0 0 0|<1]129]|65 5 013 86 | a | 7
Notes.—** Local time is 12 min. fast on 744, ’ ;]\T:gust . 4 0] 0 0] 0 <0 261621121 02 |84] ¢ 72
t Corrected to mean of 24 heurs, September .g 1 <1 0 1 511646125 5|2 83| w |78
* & (max. + min.), . . QOctober - Q] 1} 3] o0j10j15]14|33{23]|-t]0 |70 78
é {;a,\' wn;l}“.! -t;i-i mm. (U-1 ) or more of rain. November. . 1 2 1 9122)18]291] 13 5lo |65 75
Iean o ours. | . December .. 3 11012111 ]33]23 310 57
€ No. of days with visibility less than 2 nautical miles, covmber 4 el . 69
i i Year .. 21 1<t 31 71181451221 2o 173 | 75
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TABLE II--MONTHLY FREQUENCY OF WIND DIRECTION AND FORCE AT SEA

Number of occasions per 160 on which particular winds may be expected
I = Beaufort force 1-3. 1I = force 4-7. III = force 8-12.

20°-25° N., 60°-65° E.

N. NE. E SE. S. SW. W, NW. Totals of | No-
Month Calm 5 of
I 11 11 Ty} rirmnr| I Ig| I rImIr) 1Inmr] 111 r I |11 {III |obs.
January.. |10 3 2110 4 4,10 3 2|5 60 2 20 4 80 |15 4 0 |13 6 -1 7 |68[2i1 -9]3358
February {12 5 0 9 2 0 910 5 10 510 3 30 7 2 0 |16 7 0 |13 [67]20] 0 ]300
March <. | 9 1 0 310 1 00 3 10 9 2 0 [1530 ;17 80 {11 5§ 6|12 |[67|20] -6|313
April .. 110 2 60 300 4 10 (14 50 |23 6 0 |25 5 0 710 7 1790147 0 | 351
May .. ‘90 0 300 1 00 3 30 (11 5 0 |1720 0 [18 8 O 7 60 6 | 60| 34 ' 0 | 272
June 000 0 20 1 30 4 50 /15 6 0 |[213 0 5 30 0 00 1 61530 0 | 195
July .. 30 0 0 00 300 7 1 0 {1410 0 | 2281 O 550 20 0 -9 |52|471 0 | 325
August .. 000 70 0 510 9 2 0 |19 90 (2618 0 |10 6 O 30 0 2 |70 22 0 |28
September 40 0 0 0 O 3 00 4 390 81 0 2819 0 23 5 0 1 20 7 671 26 0 | 292
October. . 5 00 4 00 1 00 5 50 7 0 0 |17 2 0 |31 2 0 |12 30 |13 |&82] 5. 0 |24
‘" November | 16 2 0 14 4 0 18 1 .0 5 70 3 50 5 50 R 30 11 560 11 79110 1200
December ({13 3 0 |27 3 0 (10 2 O 52 0 2 30 ‘920 9 60 9 2 0 (12 (75113, 0 | 353
20°-25° N., 65°~70° E. .
January.. | 24 3 0 i6 4 0 7 2 0 200 2 50 2 30 12 3 0 17 2 0 3 &l 16 0 ] 299
February |15 9 0 (12 6 0 7 90 2 20 ‘810 510 7 2 0 |23 4 0 5 (7:0 250 0 | 333
March .. |13 2 0 5 ‘30 ‘7 20 30 0 5 0 0 13 1 0 18 5 0 27 6 0 4 a1 15 0 | 3u8
April. .. {11 3 0 2 60 70 0 40 0O 4 0 0 15 9 0 21 8 0 15 6 0 4 700 2+ Q | 268
May .. 1 60 40 O 20 0 ‘40 0 710 1414 0 3217 0 8 3 0 1 B4 3 0 | 2%
June .. 0 00 0 00 0 00 0 0 0 ‘43 0 2134 0 {1524 0 90 0 2. 3~ 80l 0 g
July .. ‘4 40 006 000 40 0 210 11 41 0 833 0 63 0 SROE T 7S 0 | 236
August .. 40 0 000 0 00 0 40 2 70 (2121 0 |2525 0 3 50 2 Pasl4st 0 |2
September | 1 -6 0 ‘40 0 0 00 60 0 3 00 (187 0 [|3150 |15 80 3 |74 0 | 240
October 6 1 0 |11 1 0 3 30 200 710 7 2 0 |24 4 0 {20 2 0 7 |sijizloo 17s
November | 18 8 0 19 8 0 8 70 30 01 2 0 0 3 90 6 70 15 2 0 9 | 7120, 0 |21
December | 1€ 53 0 24 11 -4 § 20 3 1.0 ‘10 0 2 50 72 0 10 2 0 6 700230 .4 29s
Aunthorities.—Bibliography Nes 3, 53,
36
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TaBLE ITI—MoONTHLY FR]EQUENCY OF WINDS OF DIFFERENT FORCES AT COASTAL

Number of occasions per 100 on which particular wind forces may be expected

STATIONS

_ C = Calm. I = Beaufort force 1-3.  II = force 7.  III = force 8-12. _
_0800 local time, : Period: 1933-7
~ pasnit KARACH! (Ma.nora) DWARKA VERAVAL
Month

cC I I 1 cC 1 1 11 C 1 1 1 cC I I 11

January 18 69 13 0 2- 8 10 0 3 9 7 0 25 75 0 0
February 31 62 6 .7 4 8 11 0 6 8 12 0 42 57 1 0
March 31 63 6 0 5 8 10 0 6 80 19 0 13 86 6 0
April .. 8 8 4 0 2 8 18 0 0 8 20 0 4 93 3 0
May .. 9 8 3 o 1 53 46 0 0 75 25 0 8 8 3 0
June .. 7 8 6 0 0 39 91 o 7 43 56 0 5 6 31 .7
July .. 15 8 2 o0 6 36 63 0 0 24 78 0 0 34 6 0
August 14 8 1 o 0 29 71 0 0 46 54 0 6 47 47 0
Septrmber 15 8 7 0 1 72 27 0 5 78 17 0 17 69 14 0
Octaber 21 74 5 0 6 95 4 0 4 91 5 0 23 77 0 0
November 29 66 5 0 5 90 5 0 1 92 7 o0 23 76 1 0
Denber 4 60 6 0 0 9 10 0 ‘1 9% 9 0 22 78 0 0

1600 12-4)).* :

Jauuary 5 81 14 o0 -6 73 26 0 0 73 27 0 5 75 20 0
Febuuary 3 75 21 .7 0 39 61 0 0 75 25 0 7 72 27 0
March 6 73 26 0 0 19 81 0 0 68 32 0 6 53 46 0
Apnl .. 0 35 65 0 0 10 9 o0 0 51 49 0 -7 33 48 0
May .. 0 41 59 o 0 6 9% o 0 35 6 0 0 72 28 0
Jurie .. 0 43 57 0 0 9 91 0 0 27 73 o 0 36 44 0
Juy .. .o L 0 60 4 0 0 15 8 0 0 19 8 0 0 3 70 v
August .. 0 64 36 0 0 11 8 0 0 3 65 0 0 54 46 0
September 0 31 46 0 0 25 75 0 0. 73 27 o 5 65 30 o0
October 0O T4 2 0 0 41 59 0 0 8 15 0 6 89 10 0
Mo b o T9r 70 0 57 43 0 0 8 17 0 5 91 4 0
Lo I 6 82 17 . 0 6 80 19 0 3 8 8 0

Auh-mity —ibliography No. 32,

Note.—T

* Zone time (Z-4}) differs from local time by less th .
¢ At Pasni observations up to June 1934 were at 0830 and 1830 (7-44) and from July 1934 onwards at 0830 and 1630 (Z-4}).

he latitudes and -longitudes are given in the general climatological tables.

an 20 min.
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TABLE IV—MONTHLY FREQUENCY OF WIND DIRECTION AND SPEED IN THE UPPER AIR AND OF CLOUD \rorlow
Number of occasions per 100 on which particular winds may be expected

15009 uvayv

‘I = 3-13 knots 11 == 14-27 knets 111 "= 28-40 knots IV = over 40 knots C == less than 3 knots
(4-15 m.p.h.) (16-31 m.p.h\) . (3247 m.p.h) (over 47 m.p.h.) (less than 4 m.p.h.)-
Karachi (Drigh Road). ° 24°54’N.,67°11’E. 981t Time of obs: about sunrise : * Period*: Sept., 1925-Dec., 1937.
Height N. NE. E. . SE. S. - SW. w. . NW, No.
above M.S.L. . < C.| of
 (feet) I MITHIIVT ITHLIV|TI IMIOIIV| I IIINIIV|I INIIIV|I II UIIV|I IIIIIV{I IIIIIV obs.
JANUARY ' .
Surface .. {12 0 0 0/49 80 02 0 0 0J0 O0 O OJO O 0 O0O|-3 0 001 0 O0 0|7 -8 0| 27 ] 358
1,700 ..]j10 4 -3:311 14 5 0/8 6 80|12 00 0|3 O0O0O0{3 60 0|7 6 0 013 3 30| 4] 358
| 3.300 ..jnm 3 o0 313 3 1 0}j9 3 3014 -80 0|3 -30 0|4 .30 Of14 7 -30/16 4 60! 3] 356
; 6.500 .11 605 6: (4 00014 00 0|4 30 014 5 20111 17 3 016 8 60| 2| 347
;' 10,000 ..1l2 2 00§11 O0uvo0O|-600O0j1 0O0O|:3 2005 8 1 67 2712 3|7 12 6 1 1] 313
! Low cloud .. 1 4 2 0 1 22 - 64 7 0131
! Medium cloud 0 0 0 0 0 10 81 8 0| 69
| High cloud .. 0 0 0 0 0 7 . 80 12 0| 209
i ) -
'FRBRUARY
Surface 9 00 03 60 0/2 0006 00 0{0 00 O0f2 30 07 0 0 O[5 0 0 O/ 40/ 329
1.700 9 200{8 7209 5§ 6012 30 0}-6000(2 0 -30[9 15 2 019 6 0 0] 21327
3,300 7 1008 2 6010 3 60(3 1 00|3 -30 04 1 0 -311 12 4 -314 7 30| 5] 323
6,500 7 3007 2004 3003 30 0|4 2 00|66 3 305 17 5 -3j10 8 2 -3 2| 317
10,000 5 20 42 -4-40]4 40077 0001 0 :70/7 4 2 013 2010 410 13 4 0| 0] 281
Low cloud .. 1 1 1 1 14 62 7 1| 87
Medium cloud 1 0 0 0 0 8 79 11 0f 78
High cloud.. 1 0 0 0 0 8 79 1 1] 161
MARCH
Surface .. |10 0 0 015 0 0 Ool1 0 0 0|3 00 0{0O 00 O0|5 0 o0 O0ft8 30 0[7 o0 0 043 | 852
1,700 9 2 00(8 400)]4 3 60/0 30 0|:3 00 O0|1 0 O0O0J10 24 2 0115 15 1 0© -8 339
3.300 8 400{7 100(6 200j4 00O0O0(1 3003 -80 014 17 5 -3111 13 1t 0! 21! 339
6,500 8 2 60|/8 0005 00013 -300/4 10017 41 39 18 7 610 9 90| 27 352
10.000 4 2 60|/5 3 00|3 60 0;1 00 O0)]2 -6-30/6 5 3 113 16 9 210 9 3 0| 21310
Lowcloud .. | 0 0 0 T 0 1 75 12 il o7
Medium cloud 0 0 Q 0 0 25 75 0 0 54
High cloud . 0 0 0 0 0 15 78 5 174
Not+ - The approximate height of the clouds is as follows :—Low cloud, 6,500 ft. ; Medium cloud, 16,000 ft. ; High cloud, 33, (h’)() it
No info-mation of the rate of motion of clouds is available, *Period for clon| Mot © 1903, 33
Bawi-
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TABLE IV—continued

Number of occasions per 100 on which particular winds may be expected'

I = 3-13 knots II = 14-27 knots 1IT = 28-40 knots IV = over 40 knots C = less than 3 knots
' (4-15 m.p.h.) (16-31 m.p.h.) (32-47 m.p.h.) (over 47 m.p.h.) (less than 4 m.p.h.)
Karachi (Drigh Road)—cont.
Height | N. NE. E. SE. S. SW. w. NW. No.
above M.SL. of
feety » | I HINIVIT ITHIIV|I MMIHIIIV|I ITIIIV|I ITIIIIV{I IIIIIV|I IIIIIIV I III 1V obs.
APRIL
“Surface i3 000|383 000[-3000|:3000[|0 00012 300132 -80 01 ‘30 0 354
1,700 1§ 40012 300(9 30 0{0 0O0GO0O(0 0 0O0|1 00 O0]7 3 7 -3 20 60 353
3,300 i4 40013 1 00{2 300|900 01 0O0O0(3 60 0|9 29 7 -6 19 2 0| -6 347
6,500 6 2 002 0O0O0|4 30 0{4 0O0O0{2 30 0|4 2 2 0111 24 7 2 11 90 3| 336
10,000 10 3 0°0|6 2 0 0|7 1002 0O0GO0O|2 0O0O0|3 42 37 16 6 2 11 4 -3 21 301
]
Low cloud .. | 0 0 ‘ 0 0 15 79 5 0117
Medium cloud | 1 1 0 0 0 9 78 4 6 58
High cloud .. i 1 0 0 0 15 76 7 11 202
May .
Surface .. ;-3 0 0 0f-3 0 0 0/-3 00 0/:3000({0 00O0I22 1 00/42 4 0 04 ‘90 0 4 | 352
1,700 1 3000 000(:3000/0 000|:3000)6 .90 0(12 5 7 37 11- -90| 0] 347
3,300 4 530011 000|:3 -300({:3000|-600O0|2 1006 3310 69 23 4 0| -3 314
6,500 -+17 30014 4002 00 O0|-7 -40 0|1 -40 0|3 1.0 01221 4 215 19 2 -4 2 278
10.000 .1 4 00|6 200(4 100(|4 -500/3 1003 1 5511 7 1 020 14 -50] 4/ 205
Low cloud .. 0 1 0 0 0 12 84 3 | ofsi0
Medium cloud 3 5 0 0 0 12 49 21 10] 25
High cloud .. 0 0 0 0 1 11 74 12 2| 68
June
Surface .. |6 0 003 0 0 0/ 6 0 0 0/:6 000|900 0I(31 5 0 043 7 0 04 ‘30 0 7 | 344
1,700 --{2 600(6 300(-6 30 0/-6 3006 00UO0|6 30201125 9 0[4 50 0 -3 340
3,300 2 70 012 -4.70(2 40 0|7 40 0|2 40 0|7 3 0 Ol 4610 -4/ 4 7 ‘70 0] 267
6,500 --|8 4 506 4 50({2 3 00|3 2003 3005 200141010 2 014 13 2 .5 4193
10,000 .. {13 10 0 018 11 1 0({6 4 1°0/3 1 00/4-000]/3 70 0(4 1 0 014 4 0 0 01} 139
Lowcloud .. 1 2 3 1 ‘2 18 71 2 0| 507
Medium cloud 10 28 29 3 . 0 4 15 7 3| 33
High cloud .. 1 17 38 9 . 16 5 9 1 6] 41

Note.—The approximate height of the clouds is as follows :—Low cloud, 6,500 ft. ; Medium cloud, 16,000 t. ; High cloud, 33,000 ft.

No information of the rate of motion of clouds is available.
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TABLE IV—continued

oLy

JSV02 UDLyp Iy

Number of cecasions péx 100 on which particular winds may be expected
1 - 3-13 knots IT = 14-27 knots Il == 28-40 knots IV == over 40 knots C = less than 3 knots
(4-15 m.p.h.) (16--31 m.p.h.) . (32-47 m.p.h.) (over 47 m.p.h) (less than 4 m.p.h)
Karachi (Drigh Road)—cont. ' »
Height ! N. NE. i E. .. SE. | S. SW. ; w. NW. i
above M.SL. - - ol Py . oy ~ = €.
ifeet) ; T MIHLIV:T ITHIIV I ITHIIV{I II 111 IV I IIV HNIIV|I II 111V 'L ITUIIV| I 11 HIIV, :
TLy ) . . ; !

J Surface .. 10 0 0 0Oi1 00 O0/0 -300/-3000|-:3000I(26 7001/4 9 0 0 15 60 0! 6 ;352
1,700 ..160 3071 900{-3100/|:3000|6 3002 40096112 .92 2 -3 0 ’ -6,
3,300 --}2 4:4012 1 40/2 80 0|8 40 0|-4 80 0|3 5 0 019 4011 -8 6 3 00, -
6.500 .18 2 801110 -80;5 4 808 0002 0004 80 0|7 7 8018 7 .8 0 , 2!

10,000 .. {12 13 2 0116 21 4 0/4 6 2 0/{0 2 0 0|1 00 O0/0 0004 0 o0 ‘0!5 7 1 0 [0
. !

Low cloud .". 1 1 | 1 12 77 i 4 | 0]

"Medium cloud C12 30 35 § 1 4 8 , 6 1

High cloud.. 2 17 . 62 11 0 0 2 i 2 I 5’

-

Augrst . . ' .
Surface .. /0 0 0 0/0 00 O/O 0O O(0O 00 O|:300 030 400147 6 0 010 -50 0] 3
1,700 .| 88 :300(|-3 :300/0 00O0(O0 00 O0(0 0003 200/1268 8 0|4 1 30! -3
3,300 |3 50 0f4 50 0|:5000/0 0O0O0|1 00O0(3 300119 48 5 0'!9 20 -5 0;
6,500 .18 9 00114 11 90|5 3 30|4 90«09 0 0 0[2 0 0 0!3 4 0 011 9 0 9 2:

10,000 .. 115 27 0 0115 16 3 01 11003 1001 000|1 000[/0 100/1 300 ’ 0:
Low cloud ., 1 1 0 0 0 8 4 Lol
Medium cloud 5 38 38 5 1 0 7 4 [ B
High cloud ., 8 24 42 17 0 0 0 ; 0 s

SEPTEMBER : : bt
Surface. .. | -9 0 0 0/2 0 0 010 0 0 0/0 0 0 o0lo 0 0 018 60 0[52 2 0 0'11 ‘50 0! 14"
1700 - ..12 50 0/2 2 00|-5000|3000|1 0002 -3 0 0124 53 3 0:6 1,0 0, 0°
3300 - ..16 2 -80/7 2 0 0|8 40 0|8 000/2 00 0/9 1 0 02227 1 014 4 0 0 1
6500 - ..117 5 0 016 7 5011 10 0{6 1 00[3 00 0|3 50 0/6 1 -5-510 4 1 0 ‘ 3

10.000 .12 9 0 019 27 2 011 8 0 0(2 0 0 01 0 00/0 60:0{2 -1 00 i 3 2 00 l 01
Low cloud .. 1 3 1 0 1 5 ., 88 ! 2 0l
Medium cloud ! 0 , 37 29 19 2 i 5 7 0 0

_ Mivhcloud .. ! 1 ; 7 22 24 10 | 7 6 6 118

Note-~The approximate height of the clouds is as follows :—Low cloud, 6,500 ft. ; Medium cloud, 16,000 ft.; High cloud, 33,000 ft.

N infirmation of the rate of motion of clouds is.available.
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TABLE 1V-—continued
Number of occasions per 100 on which particular winds may be expected

I = 3-13 knots 11 = 14-27 knots IJI = 28-40 knols IV = over 40 knots € = less than 3 knots
H-13mph) (16-31 m.p.h.) (32-47 m.p.h.) (over 47 m.p.h.) {less than 4 m.p.h)
Karachi {Drigh Road)—count. _
ke N NE. | E SE. s. sw. | w. NW. R
Bt RTINS FRNTTY Wil HOrv|{n HHrIviI MOrIv| 1 DImiv|jr MOV 1o 1\", obs
OCToOkLR . [ ‘ | i
Surtace 9 00 o2 o0 0 041 00 0/0 00O0/0 O0O0O0O|6 0O O0O(14 000 i 9 0 00 ! 51 ‘ 398
1.700 6 2 0 08 4 7013 1 00;{2 00O0|-5000(3 50 022 22 -30{17 8 0 0! 2. 400
3.300 9 1 H O|6 2 00|6 -80-0({2 30 0{4 20 0|9 2 0 020 14 30112 5 50 51| 387
6.500 19 4 0015 3 0 06 1t 30/5 30 0|4 60 0|7 60 0|9 2 -30/12 5 .60 §j 371
10,000 I3 8 0 019 19 1 -3(7 4 0 0|3 30 0|4 0 0 01 ‘9 :30|5 ‘6:60{8 3 90 2| 342
Low cloud .. 3 ! 13 2 1 4 12 60 5 1169
Mcdium cloud 5 : 5 12 5 17 40 9 1 7 49
Hizh cloud .. 0 I 2 5 2 45 19 17 9 50
! —
Noviuner i
Surface .. 19 0 0 037 30 01 0 0 0jO0 o0 0 0/0 0 00O0/O0 O00O0|-5000!1 o 0 0] 4C] 389
1,709 .18 200492 11 2 0|6 6 0 0}]1 00 0|2 0O0O0|4 50 015 6.0 020 2 0 0 41 389
3,300 .17 3002 3 1 012 3 30}6 -30 0|5 30 011 2 0 012 3 0 013 1 00 6| 389
6,50 A 1 E Y 50 021 4 30013 1 0 0]4 0003 2 30{7 2 00'7 1.0 0ln ‘850 71 385
10,000 .13 3 30:9 6 0 0|7 3 003 80 0]2 80 0|9 6 -501{12 6 3013 2 20 21 379
Low clond .. 0 1 e 1 3 30 50 14 ol 48
AMedium cloud 1 | 5 0 0 4 55 31 4 0] 59
tligh cloud .. 0 | 0 0 0 ] 18 65 71170
DECEMBER © : i . i
Surface .. 6 0 0 O34 1 0 02 20 0 20 0 0}J0o 000|200 0 0 0 0 0|2 0 0 0 24] 402
1700 St 20 015 15 5 5110 5 7012 20 0J1 0 0 0}-7 00 O 2 0 oOf11 2 20 51 402
3 30M) L4 2 0 0§13 4 3012 4 0 O)6 50 013 0 0 0}5 30 011 3 0 OJ14 2 .30 6 | 400
6,560 L4142 3002 3 3015 1 0 0]4 30 0} 4 ‘80 0|8 2 3013 9 50111 4 80 5] 394
10,0600 .14 4 3014 5302 30 0} -8 ‘0 0 0j4 -80 0|6 11 30|14 18 4 -810 12 2 -8 1] 367
Low cloud .. 6 4 0 1 4 17 52 15 2| 77
Mediumn ¢load 1 0 0 0 4 26 . 62 7 0] 88
_I!Eh cloud .. 2 0 0 0 1 12 73 13 0} 212

Aitthon it12s — Bibliography Nos. 33, 51, 52,

Nate —The approximate height of the clouds is as follows :—Low cloud, 6,500 ft. © Medium cloud, 16,000 1t. : High cloud, 33,000 ft.
Nvu information of the rate of motion of clouds is available,
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1 == 3-13 knots

Number of occasions
II,= 14-27 knots

TABLE IV—continued

per 100 on whith particular winds may be expected
IIT = 28-40 knots

IV' = over 40 knots

C = less than 3 knots

(4-15 m.p.h.) (16-31 m.p.h.) (3247 m.p.h.) (over 47 m.p.h.) (less than 4 m.p.h.,)
Ahmedabad. 23° gy N., 72° 38'E., 164 ft. Time of obs.: morning. Period*: May, 1928—Dec., 1929; Jan., 1937—May, 1933
. . . . . . ) . . W, No.
above M.S.L. N NE E — SE S Sw W - N ! C.| of
I ITIIIV(I II I IV|ITI IIIII1v I ILUIIV]|I IIIIIIV I ITIIIv|iI 11 I IV I II 11 1V obs.
JANUARY ] T -
’ {0 0 0 0]28 00030000000100000000000 2. 00 0/{65] 89
«« {16 5 0 011 8.0 0l10 11 6 0/6 5 0 0/3 o 001 0001 00 0 12 5 0 0 1| 89
«« (14 000017 2 0 08 1 006 0002 o 0 0/7 100]9 00 021 50 0( 7| 87
(8 1 00(5 000]/0 1 001 0001 2 0 0/6 10 4 020 12 4 0117 4 0 0] 4 86
13 6000 10 01 000iYy 0001 3 0 013 21 7 3|8 23 4 0/8 4 3 0f 0/ 73
Low cloud .. 0 0 0 0 10 61 .16 12 0| 36
Medium cloud 0 0 0 0 3 29 68 1 0] 25
High cloud .. 0 0 0 0 0 16 75 8 0| 88
FEBRUARY . :
0O 00 0/18 00 0]l 0 00J0 0001 o 0 014 0002 090 o 0 00 0|59 83
8 5004 81 0ho 24 6 014 4 00]1 o 0 0/2 1 001 4 2 ¢ 7 6 0 0] 1, 83
14 1.0 0013 7 00/14 ¢ 0 014 2002 029 0 1 000/ 44 011 4 0 0 6! 83
7 1003 3900]|s 0 00(1°0 0 011 4 0 0({6 11 1 011 7.3 1112 7 1 0] 4| 81
3 200(3 00 o0/0o 000;0 000|0 o 0 011 14 3 221 22 2 0/5 9 3 0| 0] 63
Low cloud .. 4 0 0 0 5 46 25 | 2 o 33
" Medium cloud 0 0 0 0 0 46 54 0 0] 35
High cloud . .’ 1 -0 0 0 0 8 71 19 0 ! 82
MARCH ' : |
(3 000(9 6 o005 o 00/1 000/0 0o 01 0003 0900 § 0 0 0]72] 92
. 7 900(5 7000 s S 0(0 00 o0f{0 0o 0/0 1002 50 014 26 1 0| 0| 92
«-14 5 0012 1 00(7 3 1 0/0 1001 020 o 3 00010 91 0l21 10 0 0f 1| 92
|18 000{7 00 02 0 00i0 1006 o 0 016 7 0 017 20 3 010 2 0 0 1| 8s
14 1 00(5 0000 000/1 0003 00 0/9 21 4 0/11 25 3 05 8 00| 0, 79
Low cloud .. B ] 0 0 5 41 43 . 5 0 8
Medium cloud 0 0 0 3 3 24 71 0 0 16
High cloud .. 4 0 0 . 0 0 .21 60 | 14 ) 0| 54
Note.—The approximate height of the clouds is as follows : —Low cloud, Medium cloud, 16,000 ft. ; High cloud, 33,000 ft.

~——

No informa

tion of the rate of motion of clquds is available.
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*Period for cloud motion : 1928-35.
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TABLE IV—continued
Number of occasions per 100 on which particular winds may be expected .

I = 3-13 knots 11 = 14-27 knots III = 28-40 knots IV = over 40 knots C = less than 3 knots
; ) (4-15 m.p.h.) ) (16-31 m.p.h.) (32—47 m.p.h.). (over 47 m.p.h.) (less than 4 m.p.h.) .
! Ahmedabad—cont. ,
: Heicht | N. NE. E. SE. S. SW. W. | NW. No.
above MSL. | C of
(feet) ' IMHOEIVIT ITHNIIV]|T IINIIIV|TI ITHIIVIT ITIIIV|(I ITINLIV|I II1I IVI I II I IV obs.
Apri. )
Surface .. 10 0 0 0{2 00 0f{2 0O0O0(O 0O0O0|! 0O0O|2 00O0|7 0O0O0|9 00 o0/75| 8
1,800 |85 11 50}]6 800j1 100/0 0101 10O0(|1 000O0(4 6 008 338¢0| 0| 8
3,300 |9 11 0 0j11 200;2 200/|1 100|1 0O0UO0(2 0007 80 O0ft1 2810/ 1| 85
6,500 --f20 0 00{7 0004 00O0(3 00O0(5 0O0O0(7 50019 100006 30 0| 1| 80
10,000 ..{6 0003 300{3 00O0|1.00 010 1 0O003 19101317 00)9 000/ 1| 70
Low cloud .. 1 ' 0 1 4 31 51 1 66
Medium cloud 0 0 0 0 12 42 46 0 0| 29
High cloud .. 4 0 I 0 ,0 2 27 54 _ 13 0 65
May
Surface .. {0 0 0 0}0 0 0°0/0 0O0O0fO 0O O[8 00038 00 0(20 00 0|3 00 o0f38! 102
1.800 {0 200/0 0000 000|(0 0O0O0(0 0O0O|9 180012 31 106 2 2 0 0]102
3,300 3 100f1 00O0/0 00O0(0 O0O0O(0O O0O0O|4 6 1 01842 1 0!5 15 3 0] ol 101
6500 ..12 0003 0000 0O0UO0f1 0O0O0|5 3 00/[6 12 0026 22 3 012 30 0/ 1 95
10,000 --f{7 000i4 3007 000O0|3 1 00|5 00012 9 3018 910[|9 500/|3 74
Low cloud .. 1 3 0 2 32 50 7 0| s
Medium cloud i 3 17 ! 0 0 8 28 42 3 0} 13
High cloud .. 4 0 : 0 0 0 32 54 8 0] 15
JunNe ) |
Surface. ... (17 0 0 0|0 0 0 0|0 0O Oj1 0 O0O|5 00056 00 0/8 0020(3 00 0|26 80
1,800 -0 10011 0000 0O0O0(0O 1 00(0 00 O0|9 31 1018 2 4 0[{3 3 0 0 0! 77
3,300 -1 00011 1000 000(0 00 O0|1 10052 30/[193 703 4 0 0| 0} 74
6,500 .12 200/10 500/|7 000|3 . 0020/9 00012 900Il16 9 5015 2 0 0] 5| 58
10,000 |5 0 0 015 17 0 010 5 0 0 8 5005 0002 50013 8000 200/| 0| 40
Low cloud .. 1 2 1 3 10 B < 43 5 0! 303
Medium cloud 7 6 15 41 12 10 6 0 3| 27
_High cloud .. 0 ) 12 57 11 0 7 7 0 7 11

Note.—The approximate height of the clouds is as follows :—Low cloud, 6,500 ft.; Medium cloud, 16,000 ft. ; High cloud, 33,000 ft.
, No information of the rate of motion of clouds is available,
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TABLE IV—continued
Number of occasions per 100 on which particular winds may be expected

I = 3-13 knots 1I = 14-27 knots IIT = 28-40 knots IV = over 40 knots C = less than 3 knots
(4-15 m.p.h.) (16-31 m.p.h.) (32-47 m.p.h.) (over 47 m.p.h.) (less than 4 m.p.h.)
‘Ahmedabad.—cont. . : .
Height N. " NE. E. SE. S. SW. w. FNw. No,
above M.S.L. . ™ ! of
' (feet) 1 JINIIviln Immurivito 1mmimniv l INIIIV|I IMUIIVIYI ITIIIV|I ITII IV 11111 IV obs.

ULY . :

J “Surface ..|/0 0 0 0|0 0 0 0f{0 0 0 O0[0 0 0 O/14-0 0 059 0 0 03 0 0 0j]0 O O 024 63
1,800 ../0 00O0fO 0O0O0|0 0O0O0j0 O0O0O|0 20 01/10 21 0 0119 36 3 0|7 o0 2 0| o/ s8
3,300 .2 0000 00O0j0 O0O0O0|0 O0O0O|0O 0O O|6 16 0 016 45 4 0|8 0 2 0, 0] 49
6,500 .17 000]0 O0O0OfIl1 00 0|4 00 O0!7 7 0 01/14 25 0 0|7 14 0 0/]0 0 0 O} 4| 28
10,000 ..|7 0 0 O0{l13 00 020 00 0f20 0 0 O/13 00 0|7 000013 70 0|0 000! 0] 15
Low cloud .. 0 0 1 - 3 40 43 3 0| 304
Medium cloud i 14 22 4 1 29 19 6 3 2
High cloud .. 4 10 60 10 1 1 1 4 8] 17

Avucust
Surface 0 000(0 O0O0O0|0O O0O0OO/0O O0OOI/|15 00O0(56 0O0O0/6 000O0[(0 00 0{23| 79
1,800 1 000/0 00O0j0 0O0O0}0 0O0O(O 0O Of4 32 1 013 33 3 04 5 0 0] 0| 79
3,300 1. 000(0 O0O0O0C|0 O O0O0(0 OO0OC|0 O0OO|4 1410 14 49 8 1{4 3 0 O 0 76
6,500 ..{0 0002 0O0O0(0O 0O0O0|5 0O OI9 0 O0 0/19 41 2 0|2 5 5 0|0 0 0 0! 0 42
10,000 6 00018 0008 00O0|6 6 0 018 0006 12 0 0{18 00 0f6 00 0] 0f 17
Low cloud .. 1 1 0 0 2 31 60 6 0| 330
Medium cloud 6 14 14 4 6 28 - 23 1 3 47
High cloud .. 0 25 47 3 8 6 -6 0 5 19

SEPTEMBER ) ' .

Surface 0 000j0 0O0O0|0 0O0O0|/0 0O0O|1 0O OJt6 00 012 000/5 00 0[65! 75
1,800 .17 40013 000|1 0O0O0|0 0O0O0|(0 0003 40 0/19 201 1008 150 90| 3| 72
3,300 .1t 0 00186 2 00(|9 00.0/{5 00O0|2 0O0O0|9 20013 12 0 0(9 00 0| 5| 66
6,500 2 000f5 200(7 50031 4 00(16 200|9 5007 000/0 00 0| 4{ 535
10,000 4 00010 2 2 0123 12 0 029 2 0 0|8 0 0 0|4 0 0 0!0 0-0 0/0 0 0 0] 2| a8
Lowcloud .. 2 3 4 1 3 3 24 53 7 0! 224

' Medium cloud | - 1 16 17 19 7 18 9 7 5| 82

Highcloud .. | - 1 12 27 20 10 8 17 2 2] 75

Note—The approximate height of the clouds is as follows :—Low cloud, 6,500 ft. ;

No information of the rate of motion of clouds is-available.
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TABLE IV—continued
Number of occasions per 100 on which particular winds may be expected

I = 3-13 knots II = 14-27 knots I1IT = 28-40 knots IV = over 40 knots C = less than 3 knots
(4-15 m.p.h.), (16-31 m.p.h.) (32-47 m.p.h.) (over 47 m.p.h)) (less than 4 m.p.h.)
Ahmedabad—cont. .
Height N, NE. | E. SE. " S. SW. | W. NW. No.
above M.S.L. - of
T {feet) 1 mMurivyr I Il lV] I IIINIV|I INNUIIV{I ITIIIV|I IIII IV] I IIIIIIV|T IITII 1V obs.
OCcTNRER i
Suriace o 00o0|/6 000(4 00O0/0 0O0O0|1 0002 00Ol 0O0O0C|1 0O 0 08| 84
1,800 19 s oofi5 4007 200|5 100/2 0O0O0|4 0O0O0OCIN 10012120 0 O} B4
3,300 t4 1 00l 4 0013 00O0(5 1 00|4 1006 0O0O0O|1I0 100/19 100 4} 84
6,500 5 10015 52017 00 O0/17 0002 200|2 400(12 2006 1 00| 5| 82
10,000 12 600/9 11 00/t 400|7 000|6 0001 400|4 3006 100} 0} 8
Low cloud .. 3 17 10 7 7 22 25 9 0113
Medium cloud 1 3 16 7 12 28 29 4 0] 71
High cloud .. 0 2 2 8 7 57 25 0 0] 43
NOVEMBER )
Surface 1 oo0o|8 ooolis o0o0o0(0O 0O0OO|1 O0O0O|(O 0O0O0|0 O0O0OjO0 OO0 O|72] 8
1,800 11 1 0 08 2 0 o025 16 1 Oft1 1 0 0|1 O O O|0O 1 0O0|4 0 O0O0}7 0O O} 1} 84
3.300 12 1001 20020 200(8 200(6 0O0O0(2 1 0O0{5 100|7 0O0O0; 7} 8
6,500 12 o00o0|8 oo0oftir o0o0{8 0006 0O0O0O19 5008 1 00|8 0O0O0| 4] 8
10,000 i3 1 00|77 200}6 0o0O0|1 0O0O|5 2 0013 12 1 011 4 0 015 1 0 0} 4| 82
Low cloud .. 4 20 5 0 20 . 26 19 0] 40
Medium cloud 0 0 0. 2 4 71 23 0 0} 29
High cloud .. 0 0 0 0 5. 44 43 0| 80
DECEMBER
Sutface o 00017 0o00O0i9 00O0/0 000/0 0O0O0O(0 0O0OC|O O0O0O|1 0O O0)72| 8
1,800 14 2 0o0h2 700|922 20|88 000j1 10O0(4 0O0O0|4 00O0O0}|7 20 0; 4] 8
3,300 M o0 ooh2 5 o006 1005 00O0|5 O0O0O0(9 500j12 00 O0{I15 00 O0}f 5| 8
6,500 13 200)5 o00o0|4 000{4 0O0O0|7 400!8 1224012 800113 20 0} 4} 84
10,000 10 4 00/4 000|2 000{0 0O0O0O[(4 0O0O(7 204 013 84 0111 71 0} 1} 8
Low cloud .. 1 1 3 0 14 44 © 27 10 0] 29
Medium cloud (1] 1 1 1 5 35 45 13 01 35
High cloud . . 0 0 0 0 ! 0 16 72 12 ol n

Authorities.—Bibliography Nos. 32, 35, 51.

Note. - -The approximate height of the clouds is as follows :—Low cioud, 6,500 ft. ; Medinm cloud, 16,000 1t. ;

No information of the rate of motion of clouds is available.
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- 0800 (local time). i , o Period : 1933-7
Limits of visibilify o | over ! v { over o over ' over
j_ Nauticalmiles ~ | 0 2 2-5' 511010 | 0- 42 2-5'5-10 10 | 0 42 25510 10 | 04 }2 25510 10

: (; l , o , Pasnit | o #ABA&’H (?vlanéra)' i . Dwarga VERAVAL
{:anua.ry A . 0 6 5 14 75 . 0 3- 41 37 "19 0 0 199 0 0 0 '-6 9 0
. February .. .e 3. 4 15 12 66 .5 7,2 39 , 23 7 2 3, 94 0 7 1 -7 98 0
(March © L .. f 2" 515 26 54 |' 0> 57,3, 41 '24 | 0 0 5 9 o o 0 '3 o o
Apil.. o .. 0 6,7 18 e | 0325 ‘2| -7 2 17 80 0] o -7 8 9 o
May .. L ..f 0 7 14 38 41 [ 0 3,28 6 :6|'0 65148 0| o 616 8 0
Juge .., ..y .. 0 7,20 53 ‘11 ], 0 19,52, 2 3| 0o 8°6''20 o0 0o 11 23 e o
quy' L 0 10" 4 as 4| 02560 14 6] 0 23 T 9 0| 3 2 19 58 o0
August .. . 0 2 21 53 24 0 8 52 35 5 0 10 68 22 0 0 10 25 65 0
September .. .. 7 2 13 3 49 0 2 20 61 17 0 3 30 66 -7 7 5 17 1 0
October .. .e 3 4 3 14 176 0 3 23 33 41 ‘6 6 5 91 3 0o o0 0 100 0
November .. ..| 0 .7 1. g 89 7 7 38 35 19 0 2 0 8 10 0 0 0 100 o
December .., ..| 6 1 6 9 8 | 0,3 31 5 14| 0 0 0 9 3 0 0 69 0
Year.. .. .| -9 s5'14 27 s3] .5 7'!35 a1 '16 ‘2 4 2 68 1 4 4 9 8 0

1600 (z—4}).* ; R :
. l i : . . i
January : . ‘86 § 8 13 73 0 3 2 10 85 0 6 4 95 0 0 0 0 100 0
February . . 0 7 15 11 67 0 ‘7 2. 37 60 0 4 0 96 0 0 7 7 99 0
March .o . 0 8 13 27 52 0 2. 7. 3 .56 0 1 9 9 0 0 0 0 100 n
April .. oo .e 0 15 11 25 49 0 0 11 65 24 |: 0 2 19 79 0 0 ‘7 7 99 0
May .. .. .. 0 17 16 41 26 0 -6 21 73 5170 1 56 43 0 0 0 -6 99 0
- June .. . o f, 017 25 49 9 0 6 60 . 31 3 0 7 63 30 0 0 9 6 85 0
Juy .. .. ..f 0 6 35 5 6 0 1 0 15 4| 0 19 71 10 o 610 12 77 0
August .e 0 0 18 50 32 0 3 46 44 7 0 6 68 25 1 6 4 10 79 6
September .. 0 3 20 30 47 0 ‘7 10 65 24 0 4 29 67 0 0 6 3 85 6
October ‘e .. 0 3 8 13 76 0 1 7 22 70 0 (1} 4 93 3 0 0 0 100 (1]
November .. .. 0 1 3 13 83 0 1 ‘7 13 85 0 ‘7 3 8 11 0 0 0 100 0
December . 0 3 4 11 82 0 0 1 12 87 0 ‘6 1 98 -6 0 0 0 100 0
Year.. .. ..l<1 7 15 28 5 | 0 2 2 35 4| o 4 27 e 1 ‘1 2 3 94 1
Authority —Bibliography No. 52. Note—The latitudes and longitudes are given in the general climatological tables.

TABLE V—VISIBILITY AT COASTAL STATIONS
D PR R T . .
Percentage frequency of different degrees of visibility

* Zone time (Z-4}) differs from local time by less
1 At Pasni observations up to June 1934 were at 0830 and 1830 (Z—44) and from July 1934 onwards at 0830 and 1630 (Z—4}).

than 2

0 min.
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0800 (local time).

TABLE VI—MONTHLY FREQUENCY OF DIFFERENT AMOUNTS OF CLOUD

Number of days per 100 on which tnarticular cloud amounts may be expected.

The figures refer to tenths of sky covered by cloud. 0 = clear sky. 10 = overcast.

Period : 1933-7

0 Tr-3 46 7-9 10

Tr-3 46 7-9 10

Cloud amount 0 0 Tr-346 7-9 10 0 Tr-346 7-9 10
~ Pasnit KAracHt (Manora) DWARKA VERAVAL
January 39 21 13 10 17 34 29 10 17 10 47 27 9 6 1 52 29 11 0
February 4 21 4- 9 22 23 36 13 13 15 32 36 7 9 16 45 31 13 1n 0
March 50 21 9 10 10 36 3 10 12 7 48 22 8 12 10 57 25 7 11 0
April .. 54 21 7 11 7 | 33 40 13 10 4 41 29 11 10 9 3 42 13 8 -7
May .. 58 16 10 12 4 21 4 17 13 5§ 20 35 21 20 4 17 4 25 10 4
June .. 27 15 21 21 16 8 28 20 25 19 7 33 18 15 33 ‘7 19 272 3 17
July .. 5 7 10 21 57 0 8 13 21 58 0 4 6 23 67 0 2 13 4 41
August .. .. 8 9 8 17 58 0 12 10 16 62 0 1 7 12 80 0 3 8 4 45
September .. .| 24 18 17 12 29 4 30 16 23 27 1 26 17 23 33 )] -7 21 17 38. 23
QOctober .. .| 60 17 4 4 15 38 47 6 5 4 37 39 10 6 8 27 43 14 9 7
November .. .| 48 28 11 9 4 33 42 9 1 5 39 34 10 7 10 32 41 11 13 3
December .. ..| 33 27 16 8 16 25 43 11 4 7 42 27 10 10 11 41 40 8 6 5
1600 (z-43).*

January . 38 29 10 14 9 3 32 12 M4 7 48 30 5 7 10 48 33 12. 6 -6
February .. | 42 28 12 6 12 | 31 35 8§ 16 10 41 33 7 8 11 54 28 8 10 0
March .. ..] 49 2 9 9 7 36 37 8 13 6 59 22 5 8 6 668 17 11 6 0
April .. .e .. | 43 25 12 13 7 25 54 9 9 3 53 33 7 6 1 51 37 8 4 0
May .. . .| 62 23 5 8 2 30 41 21 7 ‘6] 26 35 23 12 4 30 42 17 8 3
June .. -.. .| 66 18 7 5 4 9 40 21 23 7 4 25 24 21 28 3 23 23 29 22
July .. . . 28 33 17 10 12 ‘6 13 24 32 30 0 4 12 21 63 0 § 19 3 4
August . ..| 3 2 18 14 14 3 20 12 28 37 0 7 8 18 67 0 8 15 3 39
September .. ] 64 24 6 5 7 8 49 15 17 1 3 34 20 16 27 0 30 17 3 19
October . .. | 8 11 3 .0 6| 48 42 .7 2 ‘6] 40 42 6 7 5 25 42 15 15 3
November .. .| 42 29 15 9 5 37 41 10 8 4 43 33 8 5 11 38 36 12 11 3
December .. | 32 32 14 10 12| 23 41 15 14 7 47 36 3 6 8 49 32 7 8 4

~Authority —Bibliography No. 52. Note.—The latitudes and longitudes are given in the general climatological tables.

* Zone time (2-44) differs from local time by less than 20 min

1 At Pasni observations up to June, 1934 were at 0830 and 18.;40 (Z-4}) and from July 1934 onwards at 0830 and 1630 (Z-4%).
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" TaBLE VII—MONTHLY FREQUENCY OF DIFFERENT STATES OF THE SEA
Number of occasions per 100 on which particular states of the sea may be expected

I = Calm, smooth or slight.

o800 (local_ time).

II = Moderate. III = Rough. IV = Very rough or high. V = Very high or precipitous. VI = Confused.

Period :  1933-7

State of sea I II III IV V VI I ‘I III IV V. VI I II III IV V VI I II III IV V VI
Pasnit ' KARACHI (MANORA) DWARKA VERAvVAL
January .. 8 011 0 0 O 2.0 0 0 0|99 ©0 60 O 0{100 0 0 0 0 O
February . 9 0 3 0 0 o0} 98 ' 70 0 0] 99 27 70 0 0{ 9 .0 0 0 .70
March . 9 o0 0 60 0|98 2 0 0 0 0|99 o0 60 0 0 100 0 0 0 0 0
April .. . 99 ‘70 0 0 0 93 5 2 0 0 O] 94 § 20 0 01100 0 0 0 0 0
May .. . 87- 10 3 0 0 0| 8 19 60 0 0| 5 2 29 60 0| 99 3 0 0 0 0
June .. 58 33 9 0 o0 0.27 5119 3 0 0| 19 17 51 13 0 O 51 21 21 7- 0 o
C July .. 31 29 38 2 0 o 17 40 41 2 o0 O 3 16 48 33 0 0 16 29 41 14 0 o
August 56 28 16 0 0 0] 37 39 24 0 0 0 25 17 5 8 O O] 30 44 25 1. 0 0
September 100 0 0 0 0 o0/ 9 3 { 0 0 0| 70 18 12 0 O O 8 12 4 -7 0 o0
October 99 ‘70 0 0 0(100 0 0 O O 0(100 0 O O O O 99 6 0 0 0 o0
November 100 0 0 0 0 Of 99 70 0 0 09 o0 70 0 O0; 9 o 70 0 0
December .. 97 6 3 0 0 0|100 0 0 0 O 0/100 0 0 0 O 0/100 o0 0 o0 0 o
1600 (z-4})*

January 91 0 9 0 0 0 9 3 60 0 0] 99 0 1 0 0 O l 99 ‘6 0 0 0 0
February 92 ‘77 0 0 0! 99 7 70 0 0 97 2 70 0. 0,100 0O 0 0 0 o
March 95 o0 5 0 0 0! 97 3.0 0 0 0] 99 6 0 0 0 0{100 0 0 0 0 O
April .. 88 ‘711 0 0 0| 84 14 2 0 0 0| 8 15 3 0 o0 0] 100 0 0 0o o0 o
May .. 67 1815 0 0 0| 79 20 1 0 O 0 35 17 44 4 0 0 96 3 6 0 0 0
June .. 45 31 24 0 0 O 14 §7 27 2 o0 0 9 12 58 21 0 O! 42 27 22 9 o0 o
July .. 25 30 42 3 0 O 12 45 38 5 0 0 3 10 5 31 0 0 ' 19 30 35 11 5 0
August: 58 29 13 0 0 0| 30 42 27 1 0 0, 25 17 52 6 0 0. 30 48 21 6.0 0
September (9% o0 5 0 0 0|9 6 70 0 0/l 72 1315 0 0 0! 8 12 2 "7 0 0
October 98 ‘61 0 0 0100 0 0 0 0 0100 0 0 0 0 O 95 5 0 0 0 o
November 100 0 0 0 0 0|99 0 70 0 0/ 9 0 70 0 0' 95 4 70 0 0
December 97 0 3 0 0 o | 99 ‘6 0 0 0 0100 0 0 0 0 O ! 100 0 0 0 0 o

Authority.—Bibliography No. 52.
* Zone time (Z-4}) differs from local time by less than 20 min.

t At Pasni observations up to June 1934 were at 0830 and 1830 (Z-4}) and Trom July 1934 onwards at 0830 and 1.630_(2-4})‘

4 a

Note—The latitudes and lon
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