
www.ijmet.org

Volume 39, number 385                           May/June 2014

Mesospheric wind speed
TORNADO DIVISION REPORT: January to February 2014
Spatio-temporal rainfall variability over Goa

The International Journal of 
Meteorology



               Follow us at www.facebook.com/tempesttours

TempestToursSCE®

"Nature is the 
place where 
miracles not 
only happen, but 
happen all the 
time."

- Thomas Wolfe

Ready for adventure! You're looking at the real deal. The 
Tempest Tours team of veteran storm chasers have a 
combined 150 years experience chasing storms. It's in their 
blood. Some were chasing tornadoes long before Twister
was scribbled on a napkin by Michael Crichton.   
Photo by Marcia Perez.  Additional photos by William T. Reid, Martin Lisius and Brian Morganti.

BOOK YOUR STORM CHASING ADVENTURE NOW  
AT WWW.TEMPESTTOURS.COM 

Tempest Tours, Inc.   PO Box 121084   Arlington, Texas 76012   Tel. (817) 274-9313   www.tempesttours.com 

Member -  National Weather Association and National Tour Association. 

TORRO members receive $100 off any tour (per person).  Use code TORRO$100 on your tour registration form. 

To advertise on these pages please email 
advertise@ijmet.org



The International Journal of 
Meteorology

Volume 39 - 2014
Number 385

Email: editor@ijmet.org

www.ijmet.org
ISSN 1748-2992 (since 1975)

 
“An international magazine for everyone interested in weather and  
climate, and in their influence on the human and physical environment.”

© THE INTERNATIONAL JOURNAL OF METEOROLOGY
May/June 2014 Vol. 39, No. 385

83



THE INTERNATIONAL JOURNAL OF METEOROLOGY

This Journal is published by The Tornado and Storm Research Organisation (TORRO), 
a privately supported research body serving the international public interest.

Editor: Paul Knightley, 18 Fakenham Close, Reading, RG6 4AB, United Kingdom 
editor@ijmet.org

NOTES AND GUIDELINES FOR SUBMISSION

Research papers, letters, books and scientific reports for review, news items, conference 
information, advertising and other communications should be addressed to the Editor in 
the first instance. Authors should send their contributions initially to editor@ijmet.org in 
UK English. 

Research papers should commence with a short abstract summarising its content and 
contain full contact details. Keywords relevant to the paper are also appreciated. 

A full alphabetical reference list must be included at the end of the paper – there 
should be no papers within this list that are not quoted in the text or vice versa. 
References should be referred to in the text by the author’s name and year of  
publication e.g. Browning et al. (1995). Responsibility for opinions expressed in  
articles rests with the authors who should obtain copyright permission where necessary.  
References should not be used to excess.

The text should be sent through in MS Word or similar. All figures, diagrams, photos etc 
must be numbered and supplied as independent graphics files separate to each other 
and from the text file with no embedded captions.  The graphics should also be sent in 
the highest resolution possible so they are suitable for printing.

It is the authors responsibility to contact the copyright holders of images and text which 
have been reproduced from other sources. Anyone who has not been properly credited 
is requested to contact the Journal, so that due acknowledgment may be made in a 
subsequent issue.

Please note that for universal citation purposes the recommended abbreviation for 
the The Journal of Meteorology (ISSN 0307 – 5966) was J. Meteorology, UK. 
The recommended abbreviation for the International Journal of Meteorology  
(ISSN 1748 – 2992) is Int. J. Meteorology, UK.

All contributors will receive a free copy of the Journal that their work features in. 

Photographs should also be emailed to editor@ijmet.org as digital originals where  
possible or as high resolution image files (bmp, tiff, jpg etc) digitised at least 300 dpi. 
Please include as much detail as possible about the photograph(s) e.g. what it features, 
where and when it was taken, and supply contact details.
 

The International Journal of Meteorology is a non-profit making research  
periodical. Donations are always gratefully welcomed and go towards supporting 
our valuable research.

  Published by Artetech Publishing Company, UK.
ISSN 1748-2992

© THE INTERNATIONAL JOURNAL OF METEOROLOGY
May/June 2014 Vol. 39, No. 385

84



The International Journal of 
Meteorology

Editor: PAUL KNIGHTLEY, MeteoGroup UK
editor@ijmet.org

May/June 2014, Vol.39, No.385

CONTENTS

MESOSPHERIC WIND SPEED
BILL WARD....................................................................................................................86

TORNADO DIVISION REPORT: JANUARY TO FEBRUARY 2014
PAUL R. BROWN AND G. TERENCE MEADEN..........................................................91

SPATIO-TEMPORAL RAINFALL VARIABILITY OVER GOA, INDIA
S. NANDARGI AND S. S. MULYE...............................................................................99

WEATHER IMAGES: CIRRUS OVER WALES
JOHN MASON.............................................................................................................102

BOOK REVIEWS
IN THE EYE OF THE STORM: The Autobiography of Sir John Houghton
REEDS WEATHER HANDBOOK for Sail and Power
PETER ROGERS........................................................................................................122

Front cover image: © GARETH HARVEY
Cumulus just to the west of Kerkira, Corfu at around 0822GMT. 7 May 2014.

Back cover image:  © GARETH HARVEY
Altocumulus and altostratus lit by the rising sun in Great Easthall, near Sittingbourne, 
Kent. 7 March 2014.

© THE INTERNATIONAL JOURNAL OF METEOROLOGY
May/June 2014 Vol. 39, No. 385

85



MESOSPHERIC WINDSPEED 

BY BILL WARD

ABSTRACT: A sequence of images obtained during observations of the Geminid meteor shower 
from Izana, Tenerife has allowed an estimation of mesospheric wind speed to be made.
 A very bright Geminid meteor was imaged using a DSLR (Digital Single-Lens Reflex 
camera) and was seen to leave a long lasting ‘persistent train’.
 This was seen to drift across the sky over an eleven minute period. Using this drift and some  
geometric approximations the mesospheric wind speed was determined.

INTRODUCTION
The only way to physically probe middle and upper atmospheric motions before the 
advent of ground based radar/LIDAR systems and satellite technology was the 
chance capture of bright meteors. The brightest can occasionally leave behind what is 
known as a persistent train. This consists of the microscopic remnants of the original  
meteoroid and reaction products from the Earth’s atmosphere. These trains can be  
visible for many minutes after the original momentary flash of the meteor. By imaging the  
persistent train over time the motion can be measured and a wind speed at that altitude 
can be estimated subject to some assumptions.

Figure 1. A very bright Geminid meteor captured on the night of 13/14 December 2012,  
with enlarged section inset showing the start of the train being blown from the meteor’s  
position.
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OBSERVATIONS
Even during known meteor showers the actual occurrence of a meteor on the sky is 
essentially random. The usual strategy is to employ a camera and repeatedly take 
long exposure images in the hope that a meteor will enter the field of view. This used 
to be done with film. However these emulsion based film techniques were extremely  
inefficient. Even the best specialist cameras that evolved through the 1950’s and 1960’s, 
whilst still producing revolutionary new data, ultimately were limited by the low efficiency 
of film in actually ‘capturing’ light.
 Today consumer grade electronic imaging devices are hugely more efficient 
than film ever was. Typically the ‘quantum efficiency’ of the best specially treated film 
(for very low light applications) was around 4%. What this means in effect, is that only 
4% of the light hitting the emulsion ultimately goes into producing the final image. The 
now normal CMOS chip in a consumer camera is approximately 40%+ efficient and in 
speciality cameras can approach 90%. 
 The equipment used on this particular occasion was a Canon 1000D DSLR 
camera equipped with a 30mm f1.4 lens, wide open at f1.4 and mounted on a tripod. The 
ISO rating was 800. Using a third party electronic controller the camera was set to take 
exposures lasting 30 seconds with a 5 second downloading interval between.
 At  23h 27m 42s UTC on the night of 13/14 December 2012 an exceptionally 
bright meteor was observed. After the initial flash it could be seen with the naked eye 
that the meteor had produced a persistent train. This was followed visually for over two 
minutes. By good fortune this was also caught by the camera and in such a position that 
the train was seen to drift across the image on 22 frames. 

Figure 2. Image showing start position of train at 23h 28m 18s UTC, 13/14 Dec 2012.
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ANALYSIS
As this was a single point observation there is no way to absolutely determine the  
altitude of the meteor. (Two observations from suitably separated stations would be 
needed to do this.) From other sources it was assumed that the altitude was around 
80km, Rendtel and Arlt (2009) and Beech (2006). In atmospheric terms this is the upper 
part of the mesosphere. 
 A second assumption was that the particles in the train remain at this altitude 
throughout the whole period and travel with a velocity in equilibrium with the surrounding 
air.
 Finally to simplify the calculation the trajectory was taken to be “flat”, that is the 
curvature of the Earth over the path covered was ignored.

Using a suitable planetarium software package (Cartes Du Ciel) the positions of the start 
and end points of the persistent train’s motion were determined. 

Position 1: Azimuth (from North) 73.1 degrees and Altitude (from horizon) 37.9 degrees

Position 2: Azimuth 45.1 degrees and Altitude 25.9 degrees.

Using these positions as points on a triangle, with the observer location at the third, 
the distance to the start and end points can be calculated. This is done using the Sine 
identity thus

  80/sin(37.9) = R1/sin(90), yielding R1 = 130km

Figure 3. Image showing end position of train at 23h 39m 22s UTC. 13/14 Dec 2012.
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and
  80/sin(25.9) = R2/sin(90), yielding R2 = 183km

From the second assumption as the train moves across the sky it is presumed to recede 
from the observation location.

With these two distances, the distance between the start and end points can be  
determined using a Cosine identity thus

  D=sqrt(R1^2+R2^2 - 2 * R1 * R2 *cos d) 
 where d is the azimuthal distance 73.1 - 45.1 = 28 degrees

Giving a separation of, D = 92 km

Now with this length known it is a simple matter to divide this distance by the time interval 
between the first and last exposure. 

Hence speed = dist/time, 92000/664s, where 664 seconds is the interval over the used 
frames.

Yielding a speed of 139m/s (499kph/310mph)

OBSERVATIONAL ERRORS
The assumptions described above indicated areas where observation errors can be  
significant. Of these the unknown altitude is probably the greatest. This could be the 
order of +/- 10 to 20 km. If the altitude is significantly smaller the velocity would be less. 
However the reverse is also true and the velocity could be even greater. 

The train position is also subject to some uncertainty as the features are diminishing 

Figure 4.  General geometry of observation. (foreshortened due to perspective).
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in brightness and evolving in structure over time. The measurement position used was 
taken to be the leading edge of the train as it moves across the sky.
 Mathematically the difference between a flat approximation and the true  
curvature of the Earth over the distances involved is several hundred meters. Given the 
altitude is an assumption of 80km, whilst reasonable, may be itself in error by kilometres. 
So in all probability this is a small contribution to any total error.

CONCLUSIONS
Using a sequence of images the velocity of the wind in the mesosphere was determined 
to be 139m/s +/- 20m/s. 

This speed is amongst the fastest wind speeds ever recorded in the atmosphere and   
possibly the fastest ever measured in the mesosphere. I stress possibly!, (however the 
author has not found a greater confirmed value). Using similar techniques, wind speeds 
have been measured showing a large variation both vertically (in altitude due to extreme 
wind shear) and seasonally (summer to winter variations), Bone (1993) and Murad and 
Williams (2002)

Strictly speaking the velocity is only a transverse velocity across the line of sight, even 
with the assumptions made about position and motion. This again means that the  
velocity can be considered a lower limit and may have been higher if full positional  
information had been available.

Although a much lower pressure and lower temperature environment than the  
troposphere or stratosphere at 139m/s this is a significant wind. For comparison a T10 
Super Tornado on the TORRO scale has an upper maximum of 134m/s. It should also be 
noted that the high speed mesospheric winds are blowing over a much greater volume 
of atmosphere compared to the localised winds in a tornado.

Hopefully this short piece will give some pause for thought when observing the sky. 
Even though normal human activity is governed by the whims of the troposphere there 
are winds blowing much more strongly than we are usually aware not that far above our 
heads. From the surface to the near space environment this measurement shows our  
atmosphere is a highly dynamic place.

REFERENCES
Beech M., 2006. Meteors and Metorites, The Crowood Press, UK. pp 53-54.
Bone N.,1993. Observers Handbook Series Meteors, George Philip Ltd Publishers,UK. pp 72-73.
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Rendtel and Arlt (Editors), 2009. Handbook for Meteor Observers, International Meteor  
Organisation pp57-58,95-96 and 170-171.

Planetarium Software: Cartes Du Ciel  http://www.ap-i.net/skychart/en/start
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TORRO TORNADO DIVISION REPORT:
January to February 2014

BY PAUL R. BROWN AND G.TERENCE MEADEN

January and February 2014 were extraordinarily cyclonic months in which an almost unbroken  
succession of depressions, many of them very deep, moved northeast over or near the British Isles. 
In spite of this, confirmed whirlwind numbers were not particularly high, but there were numerous 
reports of unverifiable tornadoes, most of them on 25 January. Accepted totals are: January, eight 
tornadoes and two funnel clouds; February, one tornado and three funnel clouds.

q2014Jan07 Wilburton, Cambridgeshire (52° 21’ N 0° 11’ E, c TL 486750)
 The Cambridgeshire Times of 7 January reported a ‘tornado-like event’ that 
occurred shortly after 0800 GMT that day, in which five trees were brought down in  
Station Road and a garden fence and shed were blown into the side of a house.  
At 0600 GMT a southwesterly returning maritime Polar airstream covered the British 
Isles, associated with a deep low, 965 mb, off northwest Scotland. Showers affected 
many areas during the day, and were thundery at times in Wales and the south. 

tn2014Jan13 Kingsbridge, Devon (50° 17’ N 3° 47’ W, SX 734441)
 The Plymouth Herald of 13 January described a ‘mini-tornado’ that caused 
minor damage in Kingsbridge at about 1240 GMT. Signposts were torn out of the ground, 
there were reports of damage to roofs, and a window was ‘sucked out’ at the Quay public 
house in Fore Street. Force T1. At 1200 GMT an occluded front was moving east over 
western England in association with a small low, 991 mb, off northwest Ireland (the front 
had just cleared Kingsbridge at this time). There were bands of showers near the front 
(and an unrelated cluster of thunderstorms in the western English Channel behind it).

FC2014Jan19 Ronaldsway, Isle of Man (54° 05’ N 4° 38’ W, SC 2868)
 A photograph was received from Mr Joshua Risker showing a small but  
well-formed funnel cloud seen from Ronaldsway Airport, apparently in the evening (but 
nothing was reported from the weather station). At 1800 GMT a complex area of low 
pressure covered the British Isles, main centre 988 mb between Scotland and Iceland; 
several occlusions were circulating round it, one of which was approaching the Isle of 
Man. Showers were affecting many western areas at this time.

Wind damage on 25 January 2014
 At 1200 GMT on the 25th a large depression, 958 mb, was centred over  
Iceland. During the afternoon a developing cold front within the westerly maritime  
Polar airmass accelerated as it moved southeast across England and Wales, and was  
accompanied in places by squalls of 55-65 knots. Upwards of 30 separate reports were  
received, either through the press or directly from members of the public, many  
attributing the resulting wind damage to ‘mini-tornadoes’, but in most cases no  
satisfactory evidence was presented; at the two sites investigated by TORRO members 
the damage was deemed to have been the result of some sort of squall.



tn2014Jan25/I Llangwyryfon, Cardiganshire (52° 19’ N 4° 01’ W, SN 623705)
 E-mail report from Mr Leslie Dean at Tanrallt (who gave us the grid reference). 
Time about 1400 GMT. Several trees damaged or blown over, cattle feeder lifted over 
fences, pole barn destroyed. Length of track about 500 metres, width about 50 metres. 
Force T2. Preceded by thunder and accompanied by hail.

q2014Jan25/I Wolverhampton, Staffordshire (c 52° 35’ N 2° 08’ W, SO 9198)
 E-mail report from Mr Adrian Lawton. Time 1415 GMT. Squall line with  
embedded thunderstorms.

q2014Jan25/II Willersey, Gloucestershire (52° 03’ N 1° 51’ W, SP 1039)
 Reported in the Cotswold Journal (30 January). Branches torn from trees and 
other light objects strewn about (time not stated). Trees were also brought down in 
Over Norton Road, Chipping Norton (SP 315277), and at Harrow Hill, Long Compton  
(SP 2833), and electricity poles were blown over at Offenham (SP 0545) (but not  
attributed to tornadoes).

q2014Jan25/III Branston, Burton upon Trent, Staffordshire (52° 47’ N 1° 40’ W, SK 
225214)
 E-mail report from Mr Linton Wood. Time about 1415 GMT. Thunder and hail. 
Reported in the Burton Mail (27 January), chimney stack fell in Festival Road, more than 
30 homes affected in some way.

TN2014Jan25/II Nuneaton, Warwickshire (52° 31’ N 1° 32’ W to 52° 31’ N 1° 29’ W, SP 
315920 to SP 348910)
 E-mail report from Mr John Edwards. Tornado passed through Brodick Way 
and The Raywoods (both SP 348910) at 1500 GMT, lasting 30 seconds. Much damage 
to roof tops, garden fences, and walls. Hail reported. Reported in Nuneaton News (26 
and 28 January), and on the BBC. Trail of damage at Galley Common (Hickman Road, 
SP 315920) and Grove Farm (SP 331917). About 30 houses affected, of which five in  
Hickman Road badly damaged. Force T1 or more. Track 3.5 km from westnorthwest.

q2014Jan25/IV Shirebrook, Derbyshire (53° 12’ N 1° 14’ W, c SK 516671)
 Reported in the Mansfield Chad (27 and 28 January). Trees, roof tiles, fences, 
motor cars damaged in Bracken Ridge area (time not stated).

q2014Jan25/V Groby, Leicestershire (52° 39’ N 1° 14’ W, SK 5207)
 Vague report of a garden fence blown down.

q2014Jan25/VI (Market) Warsop, Nottinghamshire (53° 12’ N 1° 08’ W, SK 577665)
 Reported in the Mansfield Chad (loc. cit.). Tree felled in Forest Road.

tn2014Jan25/III Upper Wield, Hampshire (51° 09’ N 1° 07’ W, SU 619389)
 Reported in the Hampshire Chronicle (27 January) and Southern Daily Echo 
(27 January). At Wield Wood Farm three sheds weighing almost two tons each lifted and 
carried more than 100 metres, one knocking down an electricity pole (time not stated). 
Force T2.
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q2014Jan25/VII Sherwood Pines Forest Park, Sherwood Forest, near Clipstone, 
Nottinghamshire (53° 09’ N 1° 06’ W, c SK 6062)
 Investigated on 7 March by Tim Prosser of TORRO (who discovered the  
original report). Several hundred trees blown down but not in a characteristic tornado 
pattern. Although there was a sharply defined edge to the damage, all the trees were 
lying in the same direction and the area affected was too broad for a tornado track.  
The Mansfield Chad (loc. cit.) reported trees felled just west of here, in Heath Avenue 
and Stainsby Drive, Mansfield (SK 567610).

TN2014Jan25/IV Ordsall, Retford, Nottinghamshire (53° 18’ N 0° 57’ W to 53° 18’ N 0° 
56’ W, SK 698795 to SK 712794)
 Widely reported in local newspapers, e.g. Retford Times (25 January), 
Lincolnshire Echo (25 January), Gainsborough Standard (26 January), Worksop 
Guardian (27 and 28 January); e-mail report from Mr Nick Green, who gave the time 
as 1435 GMT and reported widespread roof damage, lamp posts blown over, branches 
torn from trees; press reports spoke of more than 50 houses being damaged. Mr Green  
identified a track from Brecks Road through Willow Holt to London Road. It was  
preceded by thunder. Some newspapers published a map of the track created by  
Mr Gareth Hart, similar to Mr Green’s track but starting slightly further north at Rufford 
Avenue. Both suggest a track of 1.5 km from west to east. Force T2.

q2014Jan25/VIII Melton Mowbray, Leicestershire (52° 45’ N 0° 53’ W, SK 751178)
 Reported in the Melton Times (30 January). Roof tiles and a chimney removed 
in Barker Crescent, garden fences and gates destroyed, motor cars damaged by flying 
debris. Fire brigade called out at 1535 GMT.

q2014Jan25/IX between Hartley Wintney and Fleet, Hampshire (c 51° 18’ N 0° 53’ W, 
SU 780560)
 E-mail report from Mr Adrian Faulkner, who was driving through the area. Time 
1620-1640 GMT. Squally winds rapidly changing direction. Large branch broken from 
a tree. Reported in Get Hampshire (27 January). Large oak tree fell on a motor car on 
the road between Fleet and Hartley Wintney at about 1630 GMT (occupants uninjured).  
Another fallen tree in Crondall Lane, Farnham (SU 831467), but not attributed to a  
tornado.

q2014Jan25/X Midhurst, West Sussex (50° 59’ N 0° 44’ W, SU 886218)
 Reported in the Midhurst and Petworth Observer (25 January). Large oak tree 
fell on garages in Lamberts Lane. Trees blown down in several other places, viz: Royal 
Oak public house (SU 885201); Coates Lane, Fittleworth (TQ 0017); Brunswick Manor, 
Loxwood (TQ 0331); Balls Cross, Petworth (SU 9826). Investigated by Tony Gilbert of 
TORRO on the 26th, no evidence of a tornado, just strong winds.

q2014Jan25/XI Stow, Lincolnshire (53° 20’ N 0° 41’ W, SK 881820)
 Reported in the Lincolnshire Echo (26 January), Grimsby Telegraph 
(27 January), Church Times (31 January). Serious damage to stained-glass window and 
roof of Stow Minster at about 1500 GMT. A garden wall was also blown down.
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q2014Jan25/XII Taplow, Buckinghamshire (51° 32’ N 0° 41’ W, SU 909821)
 Reported in the Burnham Advertiser (30 January). Time about 1615 GMT. 
Thunder and hail. Large oak tree fell in Cedar Chase. Another tree fell at Wellbank  
(SU 912821).

tn2014Jan25/V Chobham, Surrey (51° 21’ N 0° 36’ W, c SU 976615)
 Reported by the BBC and in the Mid-Sussex Times (29 January). Trees felled, 
houses damaged, cats levitated at Jolly Blossom Stables[1] in Station Road (Ms Shirley 
Blay). Force about T2. Time about 1700 GMT.

q2014Jan25/XIII Coldwaltham, West Sussex (50° 56’ N 0° 33’ W, TQ 0216)
 Reported in the West Sussex County Times (29 January). Branch fell from a 
tree and hit a teenage girl (no injuries).

q2014Jan25/XIV Alfold, Surrey (51° 06’ N 0° 31’ W, TQ 039340)
 Reported in Get Surrey (31 January). Time about 1615 GMT. Stables 
overturned in Loxwood Road.

q2014Jan25/XV Wisborough Green, West Sussex (51° 02’ N 0° 29’ W, TQ 059268)
 Reported in the West Sussex County Gazette (27 January) and Littlehampton 
Gazette (31 January). Roof of a barn at Fisher’s Farm blown off and landed on the B2133 
road, narrowly missing a motor car (time not stated). Some sections of roof embedded 
two feet in the ground, other parts caught in trees. E-mail report from Mr Malcolm Davies 
at nearby Billingshurst, Newbridge Road East (TQ 081258). Between 1630 and 1730 
GMT. Wind longer and stronger than a usual gust, rubbish and debris blowing down the 
street. The Midhurst and Petworth Observer (25 January) briefly mentioned a flying shed 
(no other details).

q2014Jan25/XVI Thakeham, West Sussex (50° 57’ N 0° 26’ W, TQ 1017)
 Reported in the West Sussex County Times (26 January). Shortly after 1700 
GMT, large tree fell across the B2139 road.

q2014Jan25/XVII Twickenham, Richmond, Greater London (51° 26’ N 0° 21’ W to 51° 27’ 
N 0° 19’ W, TQ 143726 to TQ 174736)
 Reported in Your Local Guardian (27 January). Time about 1700 GMT. Trees 
felled in Lisbon Avenue (TQ 143726) and Marble Hill Park (TQ 174736), and a roof  
damaged in Andover Road (TQ 149731). A large tree torn down in Carlisle Park,  
Hampton (TQ 136703).

q2014Jan25/XVIII Fetcham, Surrey (51° 17’ N 0° 20’ W, TQ 158560)
 Reported in the Dorking and Leatherhead Advertiser (31 January). Time about 
1630 GMT. Two large trees torn up in Hawks Hill Close. Hail reported.

q2014Jan25/XIX Horsham, West Sussex (c 51° 04’ N 0° 20’ W, TQ 1731)
 Reported in the West Sussex County Times (27 January). Chimney collapsed 
(time not stated).

[1] Not marked on any map or listed in any directory, so some doubt about the name and exact location.
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q2014Jan25/XX Yaxley, Cambridgeshire (52° 31’ N 0° 17’ W, TL 1792)
 Reported in the Peterborough Telegraph (27 January) and Ely Standard (27 
January). Time 1550 GMT. Shed roof carried 50 metres or more and injured a cyclist 
under a bus shelter in London Road.

q2014Jan25/XXI Epsom, Surrey (c 51° 21’ N 0° 16’ W, TQ 2162)
 Reported in Local London (27 January) and Your Local Guardian (5 February). 
Trees blown down in Downs Road (TQ 2159) and Longmead Road (c TQ 210620), 
and at Sutton Lane in Belmont (TQ 2561). Meanwhile at St Ebba’s Farm in Hook Road  
(TQ 202629) a field shelter that had been blown over in December’s gales was uprighted 
by the squall. (One news report spoke of ‘a funnel-shaped formation’ in the skies above 
Surrey, but this cannot be interpreted with confidence.) E-mail report from Mr Simon  
Collins. Time 1700 GMT. Squally winds, hail, trees down at Banstead (TQ 2559).

q2014Jan25/XXII Reigate, Surrey (c 51° 14’ N 0° 12’ W, TQ 2649)
 E-mail report from Mr Simon Collins as above. Time 1700 GMT. Squally winds, 
hail, trees down.

q2014Jan25/XXIII Crawley, West Sussex (51° 06’ N 0° 10’ W, TQ 286354)
 Reported in Crawley News (30 January). Part of a tall tree fell on a house 
in Rosamund Road, Furnace Green, at 1700 GMT, slightly damaging the house and  
demolishing a bird table.

q2014Jan25/XXIV Kenley, Greater London (51° 19’ N 0° 06’ W, TQ 324601)
 E-mail report from Mr Owen Tonks. At the Railway Station, hail and strong 
winds, a tree blown down, shop door blown open (time not stated). At nearby  
Warlingham, reported by the BBC, thunder and hail, stones ‘size of 50 pence pieces’. 
Fencing ‘shattered and spun around on the ground’ at Valgrays Animal Rescue Centre 
(TQ 355591).

tn2014Jan25/VI Harlow, Essex (51° 45’ N 0° 07’ E, TL 464082)
 Reported by Harlow Television, Essex Chronicle (25 January), Herts and 
Essex Observer (26 January). Time just after 1630 GMT. Roofs of five houses 
damaged in Upper Mealines (TL 464082), metal sheets blown off houses in Pear Tree 
Mead (TL 462083), tree fell on motor cars at Princess Alexandra Hospital (TL 440101). 
Said to have been witnessed by Mr Kevin Dingo at The Stow (TL 459107). Force T1 or 
more.

Mr Michael John Skinner at Ware sent us a general report of wind damage affecting 
much of Hertfordshire between 1600 and 1715 GMT, at its peak at Ware from 1625-1635 
GMT, accompanied by thunder and small hail.

q2014Jan25/XXV Bishop’s Stortford, Hertfordshire (51° 52’ N 0° 10’ E, TL 489209)
 Reported in the Herts and Essex Observer (27 January). Two shops in South 
Street damaged when a fruit and vegetable market stall was upset and its awnings torn 
off. Hail and thunder reported.
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q2014Jan25/XXVI Writtle, Essex (51° 44’ N 0° 25’ E, TL 6706)
 E-mail report from Mr Tom Warrington. Time between 1630 and 1700 GMT. Hail 
and thunder. Tree fell on a motor car, fence panels removed. Pram he was pushing lifted 
in the air.

q2014Jan25/XXVII Hunton, Kent (51° 13’ N 0° 27’ E, TQ 7149)
 Reported by the BBC. Time just after 1715 GMT. Power cables brought down, 
barn roof lifted over an oak tree and carried 70 feet.

q2014Jan25/XXVIII Maidstone, Kent (51° 14’ N 0° 34’ E, TQ 789520)
 E-mail report from Ms Elizabeth Michaelas. Side of building collapsed at a  
children’s playground (apparently in Cuxton Road), large trees blown over, locked  
garage doors forced open (time not stated).

tn2014Jan25/VII Acton, Suffolk (52° 04’ N 0° 44’ E to 52° 04’ N 0° 46’ E, TL 878445 to 
TL 900446)
 Reported in the East Anglian Daily Times (27 January) and Suffolk Free Press 
(30 January). Time about 1645 GMT. Fence panels thrown about, roof tiles removed, 
motor cars damaged by debris. A light aeroplane on a landing strip at Cuckoo Tye Farm 
was overturned and badly damaged. The ‘tornado’ was said to have been witnessed 
‘across the fields from the farm, through Brown’s close’ then to Clayhall Place (Ms Elaine 
Miller). Track about 2 km from west to east. Force T1-2.

q2014Jan25/XXIX Shadoxhurst, Kent (51° 06’ N 0° 49’ E, TQ 9738)
 E-mail report from Mr Cameron Jenner. Branches and garden items blown 
about (time not stated).

q2014Jan25/XXX Leiston, Suffolk (52° 12’ N 1° 35’ E, TM 446627)
 Reported in the East Anglian Daily Times (27 January). Trees blown down, 
allotments suffered badly. Garden sheds carried several yards, garage doors sucked out 
at Valley Road (time not stated).

ws?2014Jan27 offshore Clevedon, Somerset (c 51° 26’ N 2° 53’ W, ST 3971)
 Report by Mr Lee Thorn ‘waterspout travelling up the Bristol Channel from 
Clevedon’ at 1605 GMT (perhaps a precipitation column?). At 1200 GMT a deep  
depression, 964 mb, was centred north of Ireland. Showers affected most western areas 
during the day (a few also reaching the east).

fc2014Jan29 Pontyberem, Carmarthenshire (51° 47’ N 4° 11’ W, SN 5011)
 Funnel cloud reported at about 1220 GMT (information from Nicky Lambert of 
TORRO). At 1200 GMT a complex low, 991 mb, was centred over north France. There 
were showers, mainly in the west, and a few longer spells of rain elsewhere.

q2014Feb01 Petersfield, Hampshire (51° 00’ N 0° 57’ W, SU 742235)
 The Petersfield Post of 7 February reported that a van had been blown over 
in Frenchmans Road at about noon on Saturday, at which time a squall, described as 
a ‘mini-tornado’ was passing over the town. At 1200 GMT a deep and vigorous low,  
955 mb, was moving east near the north of Ireland, and an occlusion was moving 
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east across England. Bands of showers (and isolated thunderstorms) affected mainly  
southern and western areas.

tn2014Feb04 Port Erin, Isle of Man (54° 05’ N 4° 45’ W, SC 199686)
 Isle of Man Today (11 February) reported that Mr Dave Ward of Ballahane 
Close was awoken at 0530 GMT by wind: “…all of a sudden for 15 seconds the house 
was shaking and there was banging and clattering. I jumped out of bed I thought it was 
a plane or an earthquake”. Daybreak revealed roofs off, neighbour’s shed now in his 
garden, garden walls blown over. Another resident (who heard nothing) later noticed a 
metal garden shed upside down in the road. Force T2-3. At 0600 GMT a cold front was 
crossing western Scotland and eastern England followed by a southwesterly airstream. 
The front had crossed the Isle of Man earlier in the night, but showers behind it were  
affecting parts of the island at the time of the report.

ws?2014Feb06 Pendeen, Cornwall (c 50° 09’ N 5° 42’ W, SW 3634)
 Mr Callum Evans reported a waterspout over the sea from Pendeen in the  
afternoon. There was also thunder and hail, which apparently caused some  
damage. At 1200 GMT a complex low, 980 mb, was moving slowly northeast towards  
Cornwall. Widespread rain moved into the south ahead of it, which does not agree with the  
reported hail and thunder, making the report too doubtful to count.

q/tn2014Feb11 North Newington, Oxfordshire (52° 03’ N 1° 23’ W, SP 419399)
 The Banbury Guardian of 14 February described damage caused by a ‘mini-
tornado’ at Bishop Carpenter Primary School shortly after 1000 GMT. The headmaster, 
Mr Dom Murphy, said: “…all of a sudden there was this huge whooshing, roaring sound 
… It picked up some old table tops that were outside … and smashed them into a metal 
gate. It lasted about 30 seconds …”. At 1200 GMT a deep depression of 953 mb was 
centred between Scotland and Iceland; its occlusion/cold front, accompanied by locally 
heavy rain, was crossing eastern England, and would have been over North Newington 
at the time of the report.

FC2014Feb12 North Leigh, Oxfordshire (51° 48’ N 1° 27’ W, SP 3812)
 Lady Ann-Marie Warner reported a funnel cloud at 1510 GMT, lasting 5 minutes 
(there had been ‘extreme hail and wind’ an hour earlier). At 1200 GMT a very intense 
depression of 955 mb was moving northeast into western Ireland. Its vigorous occluded 
front was moving rapidly east into western England; this would have cleared Oxfordshire 
before the time of the report, but was followed by showers.

ws?2014Feb14 near Aberarth, Cardiganshire (c 52° 15’ N 4° 15’ W, SN 4764)
 Mr James Lee Evans reported a ‘very small’ waterspout over the sea between 
Llanon and Aberaeron (i.e. near Aberarth) between 1630 and 1645 GMT (perhaps an 
eddy whirlwind downwind of the mountains). At 1200 GMT a deep depression of 957 
mb was moving northeast into Ireland. Its frontal system crossed Wales during the  
afternoon, accompanied by southerly gales. 

FC2014Feb18 Hedge End, Hampshire (50° 54’ N 1° 18’ W, SU 4912)
 Several reports were received (e.g. from Mr Steven Dorrington, Mr Mark Bott) 
of a funnel cloud seen from Hedge End. Photographs show a large well-formed funnel 
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reaching perhaps halfway to the ground. Ms Sarah Leonard, who saw the same cloud 
from Fareham (SU 5207), also reported slight thunder and a little hail, and gave the 
time as about 1650 GMT (confirmed by SFERIC report). At 1200 GMT a shallow low,  
1002 mb, was moving slowly east across Scotland. Scattered showers, one or two of 
which turned thundery, affected many areas at times during the day.

FC2014Feb28 Shoreham-by-Sea, West Sussex (c 50° 51’ N 0° 20’ W, TQ 1807)
 Reported as a distant funnel cloud in the 1320 GMT METAR from Shoreham 
Airport. Several photographs were received showing it about halfway to the ground over 
the downs two miles to the northwest. Also published in the Worthing Herald of 5 March 
(photograph from Ms Debbie Weston). At 1200 GMT a filling low, 992 mb, was moving 
southeast over the Cotentin, and its occlusion lay across southern England. There were 
showers near the south coast (and in Scotland and Ireland), and more persistent rain on 
the front. 

Possible whirlwind in the Irish Republic
Wind/tn2014Feb12 Athleague, County Roscommon (53° 34’ N 8° 15’ W, M 8357)
 The Carlow Nationalist of 12 February reported that a ‘mini-tornado’ had been 
reported in Athleague. Midwest Radio added that it occurred just before 1000 GMT, 
blowing down trees and farm buildings. A tree was also reported to have fallen on a  
motor car at Roscommon Hospital. See the North Leigh entry for the synoptic situation. 
The occlusion there mentioned would probably have been over Roscommon at the time 
of the report (devastating gales affected Ireland in the afternoon).

TORRO forum

It is now one year since the new TORRO forum went online.

It is a private forum only available to TORRO members and individual IJMet 
subscribers. Here we discuss the forecasts, severe weather events and site 
investigations.

If you have not received a log on via email and wish to have access to our forum 
please contact membership@torro.org.uk
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SPATIO-TEMPORAL RAINFALL  
VARIABILITY OVER GOA, INDIA

BY S. NANDARGI AND S. S. MULYE

Indian Institute of Tropical Meteorology, Pune 411008, India

ABSTRACT
Goa is India’s smallest state by area and is located on the west coast. Nine major rivers run through 
it, of which the Mandovi and the Zuari rivers are the major and important rivers from an irrigation 
and hydropower point of view. The spatial and temporal variation of rainfall in these basins has a 
great  influence on water resources of the state. In view of this, on the basis of available monthly 
rainfall data from 1901-2012 and daily rainfall data for the period of 2001-2012 for the stations 
located in north and south districts of Goa, an analysis was carried out to review the mean monthly, 
seasonal and annual rainfall intensity, trends and its spatial distribution; severe rainstorms and 
their raindepths for different durations. The analysis will be important in water planning projects,  
especially irrigation,hydropower and flood control, etc. for Goa.

Keywords: Goa river system, rainfall analysis, rainstorm analysis, Monsoon Precipitation
Index, Precipitation Ratio, extreme rainfall, statistical analysis of rainfall.

INTRODUCTION
In India, since the independence, large numbers of studies have been carried out 
for different river basins up to respective dam sites in association with the river basin  
projects (e.g. Dhar et al 1962, 1965, 1966(a and b), 1975(b), 1991, etc.). In view of 
these studies, a large number of water resources projects have been constructed on  
different river basins in north India. However, very few studies are available on the 
characteristics of rainfall and its distribution over Goa. Suprit and Shankar (2008) 
studied the spatial estimates of rainfall on the Indian west coast for calculating the 
surface water budget. According to them the Mandovi river discharge provided a  
reliable and independent validation of the accuracy of the rainfall estimate as the river is 
purely rain-fed. Pai (2008) in his study on biodiversity of the Mandovi valley mentioned  
different environmental aspects of Mandovi river basin with reference to rainfall, flora, 
fauna, water management, etc. 
 Considering the above, an attempt has been made to study the  
characteristics of rainfall distribution over Goa with special reference to monthly,  
seasonal, annual and decadal variation and analysis of rainstorms in the two districts of 
Goa.

STUDY REGION
Goa is situated between 15°48’00” N and 14°53’54” N latitudes and 74°20’13”E and 
73°40’33”E longitudes and at an altitude of 1022 m amsl at its highest point in the  
Sahyadri Ghats. The state is bordered by the Arabian Sea to the west, in the north by  
Maharashtra state and by Karnataka state in the south and east (see Figure 1). The 

© THE INTERNATIONAL JOURNAL OF METEOROLOGY
May/June 2014 Vol. 39, No. 385

99



total land area of Goa is stretched across 3702 km2 and its coastline extends to 105 km. 
There are only two districts – a) North Goa (1736 km2) with four subdivisions of Mapusa, 
Bicholim, Pajaji and Ponda; and b) South Goa (1966 km2) with 3 subdivisions of 
Margao, Marmugao and Quepem.

Figure 1: Map of Goa showing the districts and observing stations.
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Figure 2: Map of Goa showing the river network and their basins.
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Cirrus clouds over Wales. 14 June 2014 © John Mason.   
www.geologywales.co.uk/storms/gallery/
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2.1 Physiographic features of Goa
Physiographically, Goa can be divided into four distinct morphological divisions (see 
Figure 2) from east to west:

a) The Eastern hill ranges - The entire eastern part of Goa is flanked by the western 
slopes of the Western Ghats or Sahyadri hills that extend in the form of an arc to a length 
of 125 km from north to south, covering an area of about 750 km2. In the north it covers 
part of the Sattari talukas, as well as part of the Ponda district, which is centrally placed, 
and Canacona and Sanguem which are in the south.

b) The central rolling to undulating uplands occupies parts of Pernem, Bicholim, Ponda, 
Eastern Sanguem and Quepem talukas. This division comprises of valley lands under 
paddy cultivation.

c) The flood plains of Mandovi and Zuari rivers are located in between the coastal plains 
and rolling uplands in the east and south east. The marshy paddy lands locally termed  
‘Khazan’ are situated in these flood plains.

d) The Coastal plains can be observed in the coastal talukas of Tiswadi, Mormugao, 
Bardez and Salcete.

2.2 River System in Goa
Goa holds more than forty estuarine, eight marine and approximately ninety riverine 
islands. There are nine major rivers in Goa, mainly flowing from east (Western 
Ghat) to west (Arabian Sea), with the exception of the Sal River (see Table 1 and  
Figure 2). Among these rivers, Mandovi and Zuari drain 2553 km2, about 70% of the total 
geographical area of Goa.

Table 1 : Major river basins and their areas in Goa

River Basin
in Goa

Length within
the State (km)

Basin Area
(sq. kms)

Average runoff
(MCM)

Terekhol 26 71 164.25
Chapora 32 255 588.35

Baga 10 50 116.42
Mandovi 52 1580 3580.04

Zuari 145 973 2247.40
Sal 40 301 694.39

Saleri 11 149 343.04
Talpona 32 233 515.59
Galgibag 14 90 187.11

Total 362 3702 8436.59
(Source: Master Plan for Mandovi River Basin, A Report by The Panel of Experts, CWC, 1997,  
Vol.I & II)
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Goa’s river system is therefore unique as they are both tidal and rain-fed. During 
monsoon months, water within the watershed areas is drained out through the major  
rivers into the Arabian Sea. The rivers are influenced by the tidal influx upstream to a 
distance of about 40 km. These rivers form an integral part of Goan life because of their  
portability, irrigation facilities, agriculture and coastal resources, transportation of  
mining ores, etc. Most of the rivers are navigable and are therefore of immense  
economic importance as ores are transported along these rivers to Mormugao port for 
export. There are two major lakes, Mayem and Carambolim.

2.3 Climate of Goa
Goa falls in the tropical monsoon climate zone as per the Köppen climate classification. 
Being located in the tropical zone and near the Arabian Sea, it has a hot and humid climate 
for most of the year. The month of May is the hottest (day temperatures >35°C) coupled 
with high humidity. The monsoon onset normally takes place over Goa by early June 
and withdraws by the end of September. Therefore most of Goa’s annual precipitation is  
accumulated between June and September as different low pressures move in a west 
to northwesterly direction across the region having originated in the Bay of Bengal.  
However, during March 2008, the entire state was lashed with heavy rain and strong 
winds. This was the first time in 29 years, since it became an independent state in 2007, 
that Goa experienced rain in the month of March. The winter season occurs between 
mid December to February with the temperature varying from around 21°C by night, then 
rising to about 28°C during the day with moderate levels of humidity.

3. Data used and methodology
There are about 6 raingauge stations in both north and south Goa, (See Figure 2)   
however, monthly rainfall data is available only for Panaji, Mapuca (Mapusa), Ponda  
(Fonda), Valpoi, Dabolim NAS AP, Margon, Marmugao, Sanguem stations for the  
period of 1901 to 2000. The monthly rainfall data for these stations has been obtained 
from the National Data Centre (NDC) in the Indian Meteorology Department (IMD), which 
is the main rainfall data source in India. In addition to this, daily rainfall data for the above 
stations (except Bicholim) has been procured from the Regional Data Centre, Mumbai, 
India for the period of 2001 to 2012 and the same has been used to compare the rainfall 
variation during the two periods, viz. 1901 to 2000 and 2001 to 2012.

3.1 Methodology
 (i) Using the monthly rainfall data from stations inside the state, long term mean 
monthly, seasonal, annual and decadal rainfall have been calculated for the 
two districts, north and south Goa, along with the standard deviation (SD) and  
coefficient of variability (CV) for the period of 1901 to 2012.

 (ii) Analysis of rainstorms during 2001 to 2012 has been carried out using  
standard Depth-Duration (DD) techniques of rainstorm analysis using GIS 
software. The technique of DD analysis has been explained in detail in  
various publications like the World Meteorological Organization (WMO) manual 
of depth–area–duration analysis (WMO, 1970, 1973, 1986) and the Manual of 
Hydrometeorology (IMD, 1972).
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 (iii) The Monsoon Precipitation Index (MPI) and Precipitation Ratio have also 
been calculated using the formula mentioned in the text.

4. Mean monthly, seasonal and annual rainfall
The water resource in Goa mainly comes from the monsoon rainfall through June 
to September and is largely affected by the monsoon vagaries, resulting in floods  
during some years and droughts during others. In order to assess the system response 
to climatic variability, long sequences of stochastically generated monthly data are used 
in the simulation of water resources systems, and in the estimation of water yield from 
large river catchments.
 The analysis of monthly rainfall data during different periods (see Table 2,  
Figures 3 and 4) showed that the mean annual rainfall over the two districts of north 
and south Goa have been increasing, especially during 2001 to 2012. Although there 
is not much variation in the rainfall between north and south Goa, the northern district  
receives comparatively heavy rainfall due to the moisture laden winds rising up the 
Sahyadri ranges whilst crossing the Western Ghats thus causing heavy rainfall on the  
windward side of the higher ground.

The variation of monthly rainfall over the two districts (see Figure 3) shows that the  
intensity of rainfall gradually increases from May to July with the enhancement 
of southwest monsoon activity over the region. It decreases sharply as October  
arrives. July has the highest rainfall totals in both the districts. The graphs clearly indicate 
that the period of June to September contributes the most towards the annual rainfall (see  
Table 2 and Figures 3 and 4).

Figure 3: Average monthly rainfall variation over two districts during three different periods  
(1901-2000, 1901-2010 and 2001-2012).
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Table 2: Mean monthly, seasonal and annual rainfall (mm) over Goa.

Month /
Season

North Goa  South Goa
1901-
2000

1901-
2010

2001-
2012

1901-
2000

1901-
2010

2001-
2012

January 1.1 1.1 1.0 0.8 1.2 4.5
February 0.4 0.4 0.3 0.5 0.4 0.1
March 0.5 1.6 10.2 0.5 1.8 12.0
April 13.3 12.6 6.7 11.6 11.2  9.8
May 79.0 79.9 75.2 85.4 87.2 88.4
June 873.0 872.1 909.9 870.4 865.7 859.9
July 1050.9 1044.1 982.1 997.2 987.3 907.5
August 610.3 616.7 712.7 572.4 577.8 660.7
September 290.9 302.9 428.0 279.1 290.9 387.6
October 130.1 134.6 168.7 129.0 135.5 178.4
November 42.1 43.0 45.7 37.6 37.8 39.0
December 8.3 7.7 1.4 8.3 7.8 2.6
Annual 3099.8 3116.7 3342.1 3006.3 3016.1 3150.6

Seasonal rainfall
Jun-Sept 2825.1 2835.8 3032.8 2719.1 2721.7 2815.8
Jun-Oct 2955.2 2970.4 3201.5 2848.1 2857.1 2994.2

% of seasonal rainfall with respect to annual rainfall
Jun-Sept 91 91 91 90 90 89
Jun-Oct 95 95 96 95 95 95

Figure 4 : Seasonal rainfall variation over a) north and b) south Goa.
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Altitudinal variation is more effective in north Goa than in south Goa, with respect to both  
seasonal and annual rainfall (Figure 5). Average rainfall recorded at higher altitudes is 
comparatively less than that at lower altitudes. 

Figure 5: Effect of altitude on the variation of rainfall

5. Highest 1-day rainfall
In recent years extreme climatic events have proved to be one of the most popular  
topics in contemporary climatology, as variation in their occurrence and intensity is 
seen as evidence of potential climate change (Livada and Asimakopoulos, 2005;  
Lupikasza, 2009). Also extreme precipitation events tend to trigger floods whose  
impact goes beyond economic damage and tend to involve loss of life and this is what 
has prompted researcher’s attention to this topic (Pearson and Henderson, 1998). It can 
be seen from the above analysis that rainfall varies considerably over area and time over 
Goa. Therefore, extreme rainfall recorded by stations in the two districts has also been 
studied from an economical point of view. 
 
The highest 1-day rainfall recorded during the monsoon months (see  
Table 3) for the period 1981 to 2012 ranges from 110 mm on 25 September 2007 to 
461.8 mm on 15 June 1996. Just outside the monsoon the station at Dabolim recorded 
234.6 mm of rainfall on 30 May 2006, which is the highest rainfall recorded during the 
month of May. It can also be noted that all but the stations at Dabolim and Canacona, 
recorded their ever highest 1-day rainfall in June. Dabolim and Canacona recorded their 
highest 1-day rainfall during the exceptional rains of 3-5 October 2009.
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No. Station Jun Jul Aug Sept Oct
1 Pernem 294.4

18/06/2012
282.4

02/07/2009
206.2

01/08/1995
178.0

28/09/2007
129.3

13/10/1994

2 Mapusa 461.8
15/06/1996

301.4
02/07/2009

179.8
19/08/1988

110.0
25/09/2007

117.0
03/10/2006

3 Panaji 366.6
12/06/1999

334.7
01/07/1987

242.1
01/08/1988

174.6
22/09/2005

256.8
03/10/2009

4 Ponda 363.8
16/06/1992

227.1
25/07/2005

142.0
04/08/1986

166.2
27/09/1974

227.2
03/10/2009

5 Valpoi 348.1
12/06/2000

360.3
25/07/2005

260.7
11/08/2008

307.6
22/09/2005

260.3
02/10/1996

6 Marmugao 368.0
12/06/1999

342.6
24/07/1998

176.0
01/08/1995

145.0
01/09/2007

213.1
03/10/2009

7 Dabolim 207.4
22/06/2005

206.6
25/07/2005

171.5
11/08/2008

161.6
22/09/2005

284.8 
03/10/2009

8 Margao 350.1
12/06/1999

300.0
07/07/2000

280.8
11/08/1983

195.0
30/09/1995

275.0
03/10/2009

9 Quepem 390.6
12/06/1999

305.4
30/07/1979

265.2
10/08/1983

230.8
14/09/2006

268.0
18/10/1995

10 Sanguem 432.6
07/06/2009

245.2
25/07/2005

306.8
12/08/1983

193.5
30/09/1975

258.8
03/10/2009

11 Canacona 362.7
12/06/1999

245.4
09/07/1991

186.2
05/08/2007

175.4
14/09/2006

380.0
03/10/2009

Table 3: Highest 1-day rainfall recorded by stations in Goa (1971-2012).

6. Monsoon Precipitation Index (MPI)
Moetasim Ashfaq et al (2009) defined the precipitation index as the departure of  
rainfall from the climatological mean (1961-1990), averaged over land points between  
70°-90°E and 5°-25°N. The calculation of MPI is useful for both agricultural and  
hydrological applications. MPI is not adversely affected by the topography but it gives us 
an idea about spatial variation of monsoon rainfall over different topographical regions. 
The higher the MPI, the lower the rainfall variation at an individual station. In this study, 
on the basis of available monthly rainfall data, the monsoon precipitation index (MPI) has 
been calculated as: 

Monsoon Precipitation Index (MPI) =      Annual Range                           ...(1)
                                                           Total Annual Rainfall

Where,  Annual Range = (Monsoon rainfall – Non-monsoon rainfall)
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The MPI across north and south Goa mostly varied from 0.7 to 1.0 except in the years 
1918 and 2006 where it was 0.2 and 0.5 respectively. 1918 was a severe drought 
year during which the state received very low rainfall during the monsoon months.  
However, in 2006 the post monsoon months of October to December received good 
rainfall reducing the MPI to 0.5.

7. Variability of rainfall during different decades
Variability of rainfall is defined as the “deviation from mean” or the “ratio of the standard  
deviation to the mean rainfall” and in other words variability of coefficient of variation. 
Tables 4 and 5 gives the decadal and entire period variation of rainfall for different  
seasons with CV and minimum - maximum rainfall variation for north and south Goa.  
It is evident from the CV given in Tables 4 and 5 that monsoon rainfall is reflected in  
annual rainfall. CV is negligibly higher in south Goa due to variation in the district  
topography from plains to hills. South Goa often receives heavy showers during the post 
monsoon season, so shows less CV than indicated for north Goa.
 As shown in Figures 6 and 7, 1961-1970 has recorded maximum annual  
rainfall (see Table 5) of the order of 4913.1 mm and 4691.2 mm in north and south 
Goa respectively. 1931-1940 then follows with the second maximum annual rainfall. The  
average annual rainfall increased in the decades from 1901-1910 through to  
1951-1960 and thereafter it remained more or less steady. Similarly, the highest  
percentage of southwest monsoon rainfall with respect to annual rainfall was recorded 
during 1901-1910. However, maximum monsoon rainfall of 4035.7 mm (north Goa) and 
4213.3 mm (south Goa) were recorded during 1961-1970, followed by 1931-1940. As 
far as minimum rainfall is concerned, both the districts recorded their minimum monsoon 
rainfall during 1971-1980.

7.1 Precipitation Ratio
The abnormalities of rainfall at any location may be shown as a simple ratio of  
precipitation. It is calculated as the difference between maximum and minimum rainfall 
of the annual rainfall series expressed in terms of the mean.

   PR=  (PMax- PMin)      X 100         ...(2)
     
    PMAR

Where,  PR = Precipitation Ratio
 PMax = Maximum mean annual rainfall
 PMin = Minimum mean annual rainfall
 PMAR = Mean annual rainfall

The higher the ratio, the higher the abnormality in rainfall and vice versa (Rathod and  
Aruchamy, 2010). The minimum and maximum precipitation ratios for different decades 
were calculated for north and south Goa and these show that in north Goa, maximum  
abnormality (i.e. 71%) was in 1901-1910 (Figures 6 and 7) during which the district 
as a whole recorded its lowest annual rainfall. In south Goa, maximum abnormality 
was recorded in 1971-1980. This period includes the drought year of 1972 (the year of  
lowest annual rainfall) but also 1975, which was the year with the highest maximum 
rainfall, giving a high precipitation ratio of 87%. Both the districts recorded minimum  
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Figures 6 and 7: Distribution of minimum, maximum and annual rainfall with precipitation ratio (%) 
during different decades over North and South Goa.

precipitation ratio during 1951-1960 (35% for north Goa and 32% for south Goa)  
indicating more or less stable annual rainfall throughout this decade.
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Table 4 Seasonal rainfall statistics for north Goa.

Winter             (Jan-Feb) Pre-monsoon      (Mar-May) Monsoon                   (Jun-Sept)
Mean SD CV Max Min Mean SD CV Max Min Mean SD CV Max Min

(mm) (%) (mm) (mm) (mm) (mm) (%) (mm) (mm) (mm) (mm) (%) (mm) (mm) (mm)

1901-1910 2.8  6.4  233 19.6  0.0 59.6 73.9  124 222.1  0.0  2380.9  465.6  20  3061.8  1356.1

1911-1920 2.6  8.2  316 25.9  0.0 126.9 224.2  177 748.4  6.8  2274.6  620.0  27 3145.4 1244.7

1921-1930 1.4  3.7  259 11.7  0.0 45.0 71.0  158 241.0  0.0  2386.7  391.7  16  2952.8  1686.4

1931-1940 1.9  2.8  146  9.1  0.0 92.5 128.7  139 353.4  0.3  2978.4  420.8  14  3750.3  2269.9

1941-1950 4.3  7.7  181 24.5  0.0 97.9 126.0  129 377.9  1.8  2961.3  551.9  19  3598.1  1832.2

1951-1960 0.2  0.5  212  1.5  0.0 122.5 101.5  83 351.9 19.9  3255.8  524.2  16  3940.6  2450.0

1961-1970 0.1  0.3  267  1.1  0.0 170.1 227.9  134 718.9  1.4  3105.0  466.7  15  4035.8  2460.7

1971-1980 0.0  0.0  UD  0.0  0.0  70.8  72.4  102 243.1  1.5  2748.9  522.7  19  3562.8  1788.3

1981-1990 0.1  0.2  275  0.7  0.0  58.3 103.0  177 342.0  4.2  3089.2  569.9  18  3936.6  2024.5

1991-2000 1.5  3.4  230 10.2  0.0  84.4  97.9  116 270.5  1.0  3070.2  399.7  13  3683.4  2454.1

2001-2010 1.6  2.3  147  6.2  0.0 106.8 104.1  97 371.4 22.1  2942.5  562.1  19  3831.4  2235.0

1901-2010 1.5  4.3 290 25.9  0  94.1 130.6 138.8 748.4  0  2835.8  580.2  20  4035.8  1244.7

Winter             (Jan-Feb) Pre-monsoon      (Mar-May) Monsoon                  (Jun-Sept)
Mean SD CV Max Min Mean SD CV Max Min Mean SD CV Max Min

(mm) (%) (mm) (mm) (mm) (mm) (%) (mm) (mm) (mm) (mm) (%) (mm) (mm) (mm)

1901-1910 1.8 4.8 273 15.3 0.0 52.8 60.1 114 178.3 1.1 2244.5 414.5 18 3006.3 1520.4

1911-1920 3.9 12.2 314 38.6 0.0 124.4 255.0 205 844.0 9.7 2192.6 460.0 21 2922.4 1422.1

1921-1930 1.4 2.4 177 6.9 0.0 55.4 68.5 124 183.1 1.3 2404.7 405.3 17 3050.4 1744.1

1931-1940 0.0 0.0 UD 0.0 0.0 95.0 123.2 130 405.7 0.5 3115.3 441.2 14 3955.4 2435.0

1941-1950 3.0 5.7 191 14.5 0.0 84.6 106.6 126 367.9 10.8 2695.0 641.4 24 3434.7 1702.6

1951-1960 0.5 1.3 263 4.0 0.0 139.9 108.8 78 390.3 18.4 3004.9 344.9 11 3522.4 2362.8

1961-1970 0.3 1.0 316 3.2 0.0 184.9 231.8 125 660.9 0.0 3097.6 613.1 20 4213.4 2279.4

1971-1980 0.0 0.1 316 0.2 0.0 74.5 79.5 107 216.9 0.2 2578.2 657.6 26 3795.7 1535.0

1981-1990 0.1 0.3 286 1.0 0.0 63.0 112.4 179 374.6 2.0 2930.2 607.5 21 3833.8 2067.2

1991-2000 2.2 6.0 277 19.1 0.0 95.0 104.3 110 295.0 8.1 2970.4 340.9 11 3580.4 2561.5

2001-2010 5.5 12.6 229 39.5 0.0 126.9 123.5 97 437.2 4.0 2736.4 463.6 17 3465.9 2140.6

1901-2010 1.7 6.0 352 38.6 0 100.48 138.2 138 844 0 2727.47 581 21 4213.4 1422.1

Table 5: Seasonal rainfall statistics for south Goa.
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Post-Monsoon                     (Oct-Dec) Annual
Mean SD CV Max Min Mean SD CV Max Min

(mm) (%) (mm) (mm) (mm) (mm) (%) (mm) (mm) (mm)

80.1 74.1 93 250.7 12.7 2523.3 480.4 19 3320.4 1532.8 1901-1910

152.7 105.4 69 360.4 45.3 2556.8 547.8 21 3442.2 1731.1 1911-1920

165.6 138.6 84 371.9 12.9 2598.8 455.8 18 3314.9 1872.9 1921-1930

289.3 115.7 40 493.5 177.5 3362.1 530.9 16 4266.8 2456.1 1931-1940

143.9 59.0 41 204.1 31.1 3207.3 561.8 18 3719.8 1940.1 1941-1950

232.1 110.1 47 450.5 87.8 3610.6 489.0 14 4072.3 2806.2 1951-1960

217.5 95.4 44 346.4 40.0 3492.7 601.6 17 4913.1 3021.9 1961-1970

152.4 96.2 63 302.2 20.0 2972.1 614.4 21 3890.0 1854.2 1971-1980

163.3 112.6 69 395.1 57.4 3310.8 553.4 17 4064.4 2146.3 1981-1990

207.6 103.3 50 416.0 41.5 3363.7 449.2 13 4006.8 2685.3 1991-2000

235.0 180.7 77 550.6 55.7 3285.8 616.9 19 4278.5 2508.4 2001-2010

185.4 120.43 64.95 550.6 12.7 3116.7 636.7 20.4 4913.1 1532.8 1901-2010

Post-Monsoon                     (Oct-Dec) Annual
Mean SD CV Max Min Mean SD CV Max Min

(mm) (%) (mm) (mm) (mm) (mm) (%) (mm) (mm) (mm)

81.0 75.8 94 256.4 10.9 2380.0 448.6 19 3268.6 1664.4 1901-1910

149.3 112.1 75 403.7 33.5 2470.1 393.7 16 3155.6 1928.7 1911-1920

190.7 133.0 70 409.0 23.9 2678.8 504.0 19 3473.9 1980.4 1921-1930

251.2 103.6 41 497.1 117.7 3461.5 527.6 15 4465.5 2553.2 1931-1940

151.5 80.1 53 268.3 38.9 2934.1 612.0 21 3678.6 1865.6 1941-1950

224.7 95.5 42 413.0 117.5 3369.9 358.1 11 3801.2 2735.0 1951-1960

188.4 103.0 55 334.3 30.1 3471.2 694.3 20 4691.2 2489.9 1961-1970

138.6 103.1 74 366.7 17.4 2791.4 726.6 26 4046.0 1623.8 1971-1980

179.0 101.7 57 391.5 68.8 3172.2 593.1 19 3991.8 2197.6 1981-1990

207.3 99.6 48 405.7 38.0 3274.9 431.9 13 4028.9 2709.0 1991-2000

242.3 192.25 79 576.2 53.1 3111 519 17 4045.28 2418.9 2001-2010

181.9 117.63 65 576.2 10.9 3016.1 643.2 21 4691.2 1623.8 1901-2010
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8. Time Series Analysis
The inherent variability displayed by many hydrological time series usually masks trends 
and periodic patterns. This situation has often led to ‘smoothing’ of the original time  
series so that the effects of random variations are reduced and trends or cyclical  
patterns enhanced. One of the simplest, and perhaps most common, smoothing  
technique employed is that of fitting a moving average (also called rolling or running  
average) which smooth out short-term fluctuations and highlight long-term trends or 
cycles. (e.g. Thompson and Ibbitt, 1978, Tomlinson, 1980 a&b) The threshold between  
short-term and long-term depends on the application, and the parameters of the moving 
average will be set accordingly.
 Correlograms were developed from 3, 5, 7 and 9 year moving averages.  
It was seen that as the time base of the moving average is increased (say up to 7 years), 
the shorter oscillatory components disappeared from the correlograms giving a better  
picture of rainfall variation over the two districts of Goa state (see Figure 8). It is also 
seen from Figure 9 that broadly each of the districts displayed a similar characteristic 
of cyclic trend except the magnitude for most of the period. The cyclic trend clearly 
shows that average rainfall was below normal up to 1932 and was highest during the 
period 1950 to 1970. Thereafter, it remained more or less near normal. Having a small  
physiographic area, north and south Goa do not show much variation in the rainfall  
distribution; however, year to year variations are noteworthy showing an increasing trend 
of rainfall after 1995.

9. Rainstorm Analysis
A large number of studies on rainstorm analysis of north Indian river basins or regions 
are available (Dhar et al, 1962, 1965, 1966, 1975 a&b, 1984 a&b, 1991; Dhar and  
Nandargi, 1991) but very few studies have been made on the effects across more  
central and southern parts of India (CBIP, 1993; Dhar et al, 1987, 1989). Heavy rain spells 
over Goa have not, consequently, been examined in great detail. Therefore, an attempt 
has been made to analyse the severe rainstorms experienced by Goa, on the basis of  
available data from 2001 to 2012.
 For any hydraulic project connected with irrigation, hydro-power  
generation, flood control and drainage, it is necessary to obtain the spatial and time 
distribution of rainfall associated with the storm and to evaluate the average depth of  
precipitation yielded by it over a specified area during the storm period. A rainstorm is 
defined as a spatial distribution of heavy rainfall, yielding average depth of precipitation 
which equals or exceed a certain threshold value over a region in association with some  
meteorological phenomena e.g. low pressure areas, depression or cyclonic storms etc. 
(Abbi, 1972).
 Selection of severe rainstorms over a region or a basin is generally done by 
surveying long series of daily rainfall data for stations in and around the study region 
or a problem basin by fixing an appropriate threshold value by considering the rainfall  
characteristics of the region under study. Estimation of maximum average raindepths 
from analysis of severe rainstorms over a region are normally made by the following 
methods considering the orography, nature and size of the basin / sub-basin / zone, the 
amount of data availability and its suitability: 
 (i) Depth-Duration (DD) Method
 (ii) Depth-Area-Duration (DAD) Method
 (iii) Storm Transposition Technique
The main objective of all the previous methods is to estimate the maximum possible  
raindepths which a basin or a region may experience in future years. In this study,  
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Figures 8: 7-year running averages of annual rainfall average for north and south Goa.

considering the areal extension of Goa, rainstorm analysis has been carried out by DD 
method. A brief description of the same is given in the following section.

9.1 Depth-Duration (DD) Method
In this method, the catchment/region is considered as a unit of study. All the  
heaviest rain spells (severe rainstorms) experienced by a basin/region over a long period 
of time are extracted and then analysed for different durations by the Depth-Duration (DD)  
method in order to obtain average maximum basin raindepths. The maximum raindepths 
obtained are plotted as DD curves and highest raindepths are determined from the  
envelope curves. The envelope (area enclosed by the curve) of all the raindepths, also 
called Standard Project Storms (SPS), is then determined for different durations. This 
method is normally used when daily rainfall data for a good network of stations are  
available for a sufficiently long period of years. The method is most suitable for the 
estimation of raindepths over catchments located in mountainous or orographically  
influenced regions and also near coastal regions.

© THE INTERNATIONAL JOURNAL OF METEOROLOGY
May/June 2014 Vol. 39, No. 385

115



No. Rainspell Period Raindepths (mm) for 1 to 4-day durations with date of occurrence 
and station name

1-day 2-day 3-day 4-day 

1 14-17 Jun 2002 138.8 (15/6) 
Mapusa 

248.3 (14-15/6) 
Canacona 

349.0 (14-16/6) 
Canacona 

434.5 
Canacona 

2 18-21 Jun 2003 165.5 (20/6) 
Canacona 

256.1 (20-21/6) 
Panaji,  

Canacona 

316.1 (19-21/6) 
Canacona 

373.3 
Canacona 

3 5-7 Jul 2003 126.5 (7/7) 
Canacona 

236.7 (6-7/7) 
Canacona 

304.7 (5-7/7) 
Canacona 

4 20-23 Jun 2005 153.7 (22/6) 
Canacona 

258.2 (21-22/6) 
Canacona 

321.6 (21-23/6) 
Canacona 

391.5 
Canacona 

5 23-25 Jul 2005 200.0 (25/7) 
Valpoi 

362.8 (24-25/7) 
Valpoi 

446.2 (23-25/7) 
Valpoi 

6 22-24 Sept 2005 149.9 (22/9) 
Valpoi 

236.3 (22-23/9) 
Valpoi 

284.3 (22-24/9) 
Valpoi 

7 30 May-1Jun 2006 165.5 (31/5) 
Sanguem 

298.7 (30-31/5) 
Margao 

361.0 (30/5-
1/6) Margao 

8 22-24 Jun 2007 124.1(23/6) 
Sanguem 

244.5 (23-24/6) 
Valpoi 

282.5 (22-24/6) 
Margao 

9 3-6 Aug 2007 125.8 (5/8) 
Valpoi 

199.6 (4-5/8) 
Valpoi 

307.4 (3-5/8) 
Valpoi 

385.7 
Valpoi 

10 31 Aug - 
3 Sept 2007 

122.8 (1/9) 
Panaji 

203.4 (1-2/9) 
Mamugao 

268.6 (31/8-
2/9) Margao 

331.1 
Valpoi 

11 7-10 Jun 2008 152.1 (8/6) 
Canacona 

214.0 (7-8/6) 
Canacona 

273.7 (7-9/6) 
Quepem 

324.9 
Quepem 

12 10-13 Jun 2008 122.2 (13/6) 
Quepem 

216.5 (12-13/6) 
Ponda 

249.0 (11-13/6) 
Quepem 

300.2 
Quepem 

13 8-11 Aug 2008 158.5 (11/8) 
Valpoi 

293.8 (10-11/8) 
Valpoi 

355.3 (9-11/8) 
Valpoi 

416.6 
Valpoi 

14 6-8 Jun 2009 208.1 (7/6) 
Sanguem 

257.1 (6-7/6) 
Sanguem 

271.7 (6-8/6) 
Sanguem 

15 1-3 Jul 2009 162.0 (2/7) 
Mapusa 

225.2 (2-3/7) 
Pernem 

261.9 (1-3/7) 
Mapusa 

16 2-5 Jul 2009 162.0 (2/7) 
Mapusa 

225.2 (2-3/7) 
Pernem 

367.4 (2-4/7) 
Pernem 

479.5 Pernem 

17 3-5 Jul 2009 142.2 (4/7) 
Sanguem 

254.2 (4-5/7) 
Pernem 

317.4 (3-5/7) 
Pernem 

18 1-3 Oct 2009 210.5 (3/10) 
Canacona 

298.9 (2-3/10) 
Canacona 

352.7 (1-3/10) 
Canacona 

19 19-22 Jul 2010 118.5 (21/7) 
Mapusa 

223.5 (20-21/7) 
Mapusa 

305.7 (19-21/7) 
Mapusa 

386.1 Pernem 

Table 6: List of severe rainstorms that occurred over Goa between 2001 to 2012.
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No. Rainspell Period Raindepths (mm) for 1 to 4-day durations with date of occurrence 
and station name.

1-day 2-day 3-day 4-day 

20 16-18 Jul 2011 124.7 (16/7) 
Mapusa 

185.0 (16-17/7) 
Quepem 

248.9 (16-18/7) 
Quepem 

21 17-19 Jun 2012 150.8 (19/6) 
Marmugao 

299.6 (18-19/6) 
Pernem 

358.5 (17-19/6) 
Pernem 

Envelope (SPS) 
raindepths (mm) 

210.5 362.8 446.2 479.5 

Figures 9: Three day isohyetal pattern of a) 23-25 July 2005 and b) 1-3 October 2009 rainstorms 
over Goa.

a)

No. Rainspell Period Raindepths (mm) for 1 to 4-day durations with date of occurrence 
and station name

1-day 2-day 3-day 4-day 

1 14-17 Jun 2002 138.8 (15/6) 
Mapusa 

248.3 (14-15/6) 
Canacona 

349.0 (14-16/6) 
Canacona 

434.5 
Canacona 

2 18-21 Jun 2003 165.5 (20/6) 
Canacona 

256.1 (20-21/6) 
Panaji,  

Canacona 

316.1 (19-21/6) 
Canacona 

373.3 
Canacona 

3 5-7 Jul 2003 126.5 (7/7) 
Canacona 

236.7 (6-7/7) 
Canacona 

304.7 (5-7/7) 
Canacona 

4 20-23 Jun 2005 153.7 (22/6) 
Canacona 

258.2 (21-22/6) 
Canacona 

321.6 (21-23/6) 
Canacona 

391.5 
Canacona 

5 23-25 Jul 2005 200.0 (25/7) 
Valpoi 

362.8 (24-25/7) 
Valpoi 

446.2 (23-25/7) 
Valpoi 

6 22-24 Sept 2005 149.9 (22/9) 
Valpoi 

236.3 (22-23/9) 
Valpoi 

284.3 (22-24/9) 
Valpoi 

7 30 May-1Jun 2006 165.5 (31/5) 
Sanguem 

298.7 (30-31/5) 
Margao 

361.0 (30/5-
1/6) Margao 

8 22-24 Jun 2007 124.1(23/6) 
Sanguem 

244.5 (23-24/6) 
Valpoi 

282.5 (22-24/6) 
Margao 

9 3-6 Aug 2007 125.8 (5/8) 
Valpoi 

199.6 (4-5/8) 
Valpoi 

307.4 (3-5/8) 
Valpoi 

385.7 
Valpoi 

10 31 Aug - 
3 Sept 2007 

122.8 (1/9) 
Panaji 

203.4 (1-2/9) 
Mamugao 

268.6 (31/8-
2/9) Margao 

331.1 
Valpoi 

11 7-10 Jun 2008 152.1 (8/6) 
Canacona 

214.0 (7-8/6) 
Canacona 

273.7 (7-9/6) 
Quepem 

324.9 
Quepem 

12 10-13 Jun 2008 122.2 (13/6) 
Quepem 

216.5 (12-13/6) 
Ponda 

249.0 (11-13/6) 
Quepem 

300.2 
Quepem 

13 8-11 Aug 2008 158.5 (11/8) 
Valpoi 

293.8 (10-11/8) 
Valpoi 

355.3 (9-11/8) 
Valpoi 

416.6 
Valpoi 

14 6-8 Jun 2009 208.1 (7/6) 
Sanguem 

257.1 (6-7/6) 
Sanguem 

271.7 (6-8/6) 
Sanguem 

15 1-3 Jul 2009 162.0 (2/7) 
Mapusa 

225.2 (2-3/7) 
Pernem 

261.9 (1-3/7) 
Mapusa 

16 2-5 Jul 2009 162.0 (2/7) 
Mapusa 

225.2 (2-3/7) 
Pernem 

367.4 (2-4/7) 
Pernem 

479.5 Pernem 

17 3-5 Jul 2009 142.2 (4/7) 
Sanguem 

254.2 (4-5/7) 
Pernem 

317.4 (3-5/7) 
Pernem 

18 1-3 Oct 2009 210.5 (3/10) 
Canacona 

298.9 (2-3/10) 
Canacona 

352.7 (1-3/10) 
Canacona 

19 19-22 Jul 2010 118.5 (21/7) 
Mapusa 

223.5 (20-21/7) 
Mapusa 

305.7 (19-21/7) 
Mapusa 

386.1 Pernem 
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The analysis of daily rainfall data for 2001 to 2012, showed that of the 37 heavy  
rainspells, 16 occurred in June, 12 in July, 7 in August and 1 each in September 
and October. It was also noticed that most of the rainspells were of longer durations, 
6 to 10 days. These 37 heavy rainspells were subjected to DD analysis using GIS  
technology and results showed that 21 severe rainstorms occurred over Goa, of 
which 10 rainstorms were of 4 days duration (see Table 6). Table 6 also gives the  
average raindepths (mm) for all the durations of the rainstorm along with date and  
station name.
 Considering the size of the state, these raindepths can be used as standard 
project storm (SPS) raindepths. a) 23-25 July 2005 and b) 1-3 October 2009 rainstorms 
formed highest points or SPS raindepths for 3-days duration. Figure 9 (a and b) show the  
isohyetal pattern of these two rainstorms for 3-day duration and DD raindepth curves 
for all the 21 storms are given in Figure 10. Figure 9 shows that although 1-3 October 
2009 was a southwest coastal storm (Centre: Canacona, south Goa), it gave widespread 
heavy rainfall over the entire state for all the three time periods. The 23-25 July 2005 
rainstorm mostly occurred over the Mandovi basin (north Goa) with Valpoi as a centre.

 9 b)
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Figures 10: DD raindepths curves for severe rainstorms over Goa.

10. Summary
Goa, India is a well known tourist destination around the globe. The state has nine  
major rivers of which the Mandovi and the Zuari are the major and most important  
rivers providing a network of waterways for inland navigation and ready means of lift and 
flow irrigation and hydroelectricity generation. The variability of the rainfall and runoff of 
these river basins considered both temporarily and spatially gives us the implications on  
surface water resources of the region. Therefore, analysis of rainfall patterns is important 
in water planning projects especially, for irrigation, hydropower and flood control, etc. 
These projects require analysis of rainfall amount and duration and its variation in space 
over a basin.
 In view of the above, on the basis of available monthly rainfall data from  
1901-2012 and daily rainfall data for 2001-2012 for stations located in north and south 
districts, analyses were made to review the rainfall trends and its spatial distribution; 
quantity, intensity. Mean monthly, seasonal and annual maps for rainfall were prepared 
using a GIS application. The analysis revealed the following results:
 

 a) The long term mean annual rainfall of the two districts of Goa region has 
shown an increasing trend.

 
 b) The highest 1-day rainfall recorded over the two districts ranged from 
110 mm on 25 Sept 2007 to 461.8 mm on 15 June 1996. Dabolim recorded 
234.6 mm of rain on 30 May 2006, which is the highest 1-day rainfall total  
recorded during the month of May.
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 c) Due to varied topography, the abnormalities of rainfall in the two  
districts have been estimated by a simple ratio of precipitation. The maximum  
abnormality recorded at south Goa (87%) was during 1971-1980, whereas 
in north Goa the maximum precipitation ratio was 71%, which was during the  
period 1901-1910.

 d) During 2001-2012, Goa experienced 37 heavy rain spells of which 21 
were the most severe storms. The rainstorms of 23-25 July 2005 and 1-3  
October 2009 produced the extreme raindepths and these can be used as SPS  
raindepths.

11. Conclusion
With water diversion and hydroelectric projects, the Mandovi river, Goa’s life-line, 
faces imminent threat of choking because of the reduction in water flow, siltation and  
disruption of its ecology due to change in its profile and the possibility of seismic  
disturbances. The sharing of water of the Mandovi river is a cause of dispute  
between the governments of Maharashtra, Karnataka and Goa. In view of the above,  
analysis of long term rainfall data revealed the detailed rainfall characteristics of Goa. 
The results of the study would form a basis for various studies such as administering 
fresh water sources, projecting the investments to prevent the urban areas from the 
flood, and planning the agricultural activities.
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Sir John Houghton has been at the centre of research into climate change for almost his 
entire professional life, and this autobiography is a fascinating account of that research.
            
 When the Great Storm of 1987 hit, Sir John was Director-General of the Met 
Office, and had just returned from a conference in Geneva so was not immediately 
aware of the havoc that this storm had caused. As soon as he did become aware, he 
realised that there was bound to be a media search for someone to blame. Clearly, Sir 
John, though having no personal responsibility for the inaccurate forecasts, was likely 
to be a prime target and there would undoubtedly be demands for his resignation. So 
he insisted on convening a press conference with the Ministry of Defence officials who 
were his immediate superiors, expecting a torrid time. In the event, the press conference 
coincided with Black Monday, the day of the London Stock Market Crash, so media  
attention quickly moved on to that topic.

            This event forms the subject of his first chapter, entitled, “Why weren’t we 
Warned’ and was an obvious one for the first chapter. After that, however, Sir John, in 25  
chapters, tells the absorbing story of his scientific career, starting with his undergraduate 
years in the late 1940s, followed by early research into the stratosphere with balloons 
and satellites which involved working closely with NASA, before return to Oxford as an 
academic. This involved successfully managing the merger of the Appleton Research 
Laboratories with the much larger Rutherford Laboratory, no easy job but which he  
completed in four years.

            He was then invited to become Director-General of the Meteorological Office. This 
too was to prove no easy task because the Government of the day thought that the new 
Director-General should be a business man and not a scientist, as Michael Heseltine 
made clear at his interview.

            It was during his time at the Met Office, that Sir John realised the international 
dimensions of meteorological research, which led directly to the setting up of the IPCC. 
He was central to that research and became involved in the successive reports that 
they have produced. He is extremely frank in recording the disagreements between the 
distinguished scientists, but strived for consensus which he nearly always achieved due 
to his emollient approach. 

 This book makes it clear that Sir John is convinced that man-made emissions 
are accelerating the process of global warming, and points out how little hard evidence 
the doubters have been able to produce for their views. But he is always fair and even 
handed in his criticisms, as indeed he was when the arguments were raised in the  
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discussions that preceded the IPCC Reports in which he was involved. 

            Interleaved with the development of his professional career, Sir John also tells 
of his two very happy marriages, and of his religious beliefs, and he is of course the 
author of numerous scientific books, which illustrate that there is no conflict between 
science and religion so far as he is concerned. There are six pages of colour illustrations  
featuring both highlights in his professional career but also in his private life (climbing 
with friends and sailing with his son). There are four appendices and a very full index. 

            This is the delightfully frank story by one of the great climate scientists of our time, 
and I have no hesitation in recommending it to all readers of this Journal.

                                                                Peter Rogers
.

Like at least one other reviewer, I was at first sceptical whether a book as so compact 
as this could also be comprehensive, but the author has overcome my scepticism by  
carefully selecting just the right type and amount of information to enable a sailor or 
power boater to gain the maximum from weather forecasts.

            The first half provides enough of the theory to get the most out of weather  
forecasts and the reader’s own observations, while the second half outlines the many 
and varied sources of weather information, as well as providing some of the background 
as to how forecasts are produced. The extensive appendix summarises the technical 
terms employed in the book, in addition to providing much information of use to its likely 
users such as the Beaufort wind scale and Douglas sea state.

            By his extensive use of photographs (excellently reproduced), box texts, lists and 
summaries, the author makes the information easily readable. Both a comprehensive 
contents page and a full index renders the information readily accessible.

            Clearly this handbook is aimed at those going to sea and therefore assumes a fair 
bit of prior meteorological knowledge, but at the same time a beginner would gain from 
the information provided by this book.

            Adlard Coles have earned a reputation for producing an excellent series 
of handbooks on various aspects of weather especially for in-shore boat users, and 
this book maintains this reputation. It slips easily into the pocket and is unreservedly  
recommended.                      
        Peter Rogers.
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