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Summary and purpose of document

This document provides information about the Severe Weather Forecasts and Demonstration System in Sri Lanka and case study of unexpected strong wind event 25th November 2011 in South of Sri Lanka.
Action Proposed
The meeting is invited to review this information and note the importuned contained in the document 
1.0 Introduction
Sri Lanka, officially the Democratic Socialist Republic of Sri Lanka is an island in the North Indian Ocean, situated off the southeastern end of the Indian peninsula, separated by Palk Strait, a narrow waterway about 35 km. The landmass has a north-south extent of 432 km and an east-west extent of 224 km, with the total area of island being 65,610 km² and located within the 5055´N to 9051´N and 79042´ to 81053´. The highlands, mostly above 300 meters, occupy the south central part of Sri Lanka with numerous peaks (Pidurutalagala -2524 m, Kirigalpotte - 2396 m), high plateaus and basins are surrounded by an extensive lowland area. 
Due to its location within the tropics between 5o 55' to 9o 51' North latitude and between 79o 42' to 81o 53' East longitude, and in the Asiatic monsoon region, the climate of the island could be characterized as both tropical as well as monsoonal. Topographical features mentioned above influence strongly on spatial variation of climate in the island. The variation in air temperature in Sri Lanka is small except in the mountainous areas, where as the rainfall variations are large. The significant anomalies in climate are mainly decided by the temporal and spatial variation of rainfall, which have strong impact on agricultural activities in the country. Orography plays an important role in the rainfall distribution over Sri Lanka. The mean annual rainfall varies from under 1000mm in the southeastern and northwestern parts to over 5000mm in the western slopes of the central highlands. The mean annual temperature varies from 270C in the coastal lowlands to 160C at Nuwara Eliya, in the central highlands (1900m above mean sea level). 
The island is seasonally affected by two regional scale wind regimes. Most of the rainfall of Sri Lanka is received from the weather phenomena that occur in the association with the migration of the ITCZ, and from southwest and northeast monsoons. The Southwest monsoon is from May to September and the Northeast monsoon from December to February.  The inter-monsoon periods, the transition periods between the two monsoons are, from March to April and from October to November. The rainfall during these inter-monsoon periods is mainly due to convective thunderstorm activity.  It is characteristic to have long spells of dry days over most parts of the country except in the north and east during January and February, with ground frost appearing in the central hills where vegetables are grown. 
During the months of November to December, depressions forming in the Bay of Bengal (and Arabian Sea) tend to intensify into cyclonic storms and move closer to Sri Lanka bringing much rain and wind; but chances of land fall along east coast of Sri Lanka are very low; only 16 out of some 1,300 storms since 1891. According to climatology only one cyclone was crossed Sri Lanka which develop during May to October. But there are many climatological evidence that, most cyclones develop in this season experienced heavy rainfall in the country.  The recent example is 2003 cyclone 02B. Sri Lanka received recorded rainfall on 17th May due to the cyclone 02B (Chandrapala, 2003).  Devastation due to cyclones thus does not top the list of natural disasters. However gust of strong winds during the southwest monsoon period cause damage to houses and other building structures in the southwest quarter of the island. Another phenomenon that increasingly threats the life and property is lightning; every year, some 50 lives. Torrential rains too cause floods displacing people and, also in the other extreme, prolonged dry spells sometimes affect agriculture adversely. Landslides in the hill country are also on the increase as a natural calamity, during the recent years. The Department of Meteorology, Sri lanka has been conducted natural disaster preparedness, and awareness programs for peoples in the affected areas every year.   

1.1 Numerical weather prediction (NWP) and Radar Observation.
 Department of Meteorology-Sri Lanka lags behind, particularly in the areas of Numerical Weather Predictions (NWP) and other state-of-the-art technologies. One of the major hindrances to the implementation of NWP in Sri Lanka is the shortage of trained manpower. At present identifying this shortcoming, several programs are been planned with a view of overcoming this issue. A major plan is to make use of training opportunities provided by developed countries to develop NWP programs in Sri Lanka. There are two projects now going on establish to the WRF (Weather Research Forecast) model under the Japan International Corporation Agency (JICA) and Regional Integrated Multi-Hazard Early Warning System (RIMES). The department of meteorology also expects a new Doppler Radar system to be installed in March 2012 for monitoring “meso” scale weather systems. Therefore Department is needed to trained manpower for maximum use of the products of this system too. 

1.2 Forecast and Warning Dissemination System
The Sri Lanka meteorological department disseminates severe weather forecast and warning by fax and Hotline.  The advisories and warning will be disseminated to Disaster management centre (DMC) and also via the TV and radio channels. 
Apart from that, there are a number of institutes that are working together with Department Meteorology Sri Lanka. Among these, are those involved in agriculture, fisheries, oceanography, aviation, energy, water resources, environment, natural resources and planning (see table).
	Agriculture
	Natural Resources Management Centre, Dept. of Agriculture, Tea Research Institute, Sri Lanka Tea Board, Rubber Research Institute, Agricultural Research and Training Institute, Coconut Research Institute, Sugar Cane Research Institute, Palmyrah Development Board, Sri Lanka Cashew Corporation

	Fisheries
	Ceylon Fisheries Corporation, Ceylon Fisheries Harbors Corporation, Ministry of Fisheries, National Aquatic Research Agency

	Oceanography
	National Aquatic Research Agency, Marine Pollution and Prevention Agency, Ministry of Shipping, Ministry of Defense, Navy, Indian Ocean Marine Affairs Cooperation Secretariat

	Aviation 
	Civil Aviation Authority, Air Lanka, Air Force

	Water Resources
	National Water Supply and Drainage Board, Irrigation Department, Mahaweli Authority, Water Resources Secretariat

	Minerals  
	Lanka Salt Ltd.

	Energy
	Ceylon Electricity Board, National Engineering Research and Development Centre, Intermediate Technology Development Group

	Environment
	Central Environmental Authority, Ministry of Environment, National Science Foundation, Inst. of Fundamental Studies, National Building Research Organization, Wildlife Conservation Dept., Forest Dept.

	Universities 
	Depts. of Agriculture, Geography, Physics, Natural Resources and Geology in the Peradeniya, Jaffna, Colombo, Sabragamuwa, Ruhuna and Open Universities


1.3  Unexpected Strong Winds event on 25th November 2011, South of Sri Lanka 

This is the recent example for experience of severe weather event in Sri Lanka in the month of November 2011. Generally easterly wavy type disturbance can be observed during the beginning of northeast monsoon period in Sri Lanka. In the month of November 2011 due to the wavy type disturbance, eastern part of Sri Lanka experienced fairly heavy rainfalls. Gradually the atmospheric disturbance converts into a low pressure area. It was first appeared on 24th November 2011. On 25th November morning small area of southern part of country and off south coast sea areas experienced unexpected strong winds during the low pressure system developed. According to the disaster management authorities in Sri Lanka, 28 peoples were die 16 are missing due to this severe weather event. In the south coast fishermen were most expected peoples in these strong winds. 

Considering all details, available Synoptic and local charts, Automatic Weather System (AWS) data and using available NWP products, the forecast given by the Department of Meteorology was “heavy showers in different districts in Sri Lanka”.  In addition strong winds upto 70 km/h also forecasted for the fishermen and other naval sectors.  But the department did not issue this forecast as a special weather bulletin for fishermen for 25th November 2011, because all the available tools for weather forecast showed only a low pressure system just south of Sri Lanka. According to the Classification of Cyclones defined by the World Meteorological Organization, the wind forecast was 40 – 50 km/h along the southern coastal area and also mentioned the possibility of winds up to 70 km/h..
This paper mainly focuses Identify the synoptic scale and meso scale environmental features associated with this severe weather event. NOAA NCEP GFS data (0.50x0.50) and JMA GSM (1.00x1.00) data analyze together with Sri Lanka AWS (Automatic Weather System) data in this study.       
2.0 Characteristic features of associated with the weather system
2.1 Synoptic features
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Fig.1 1000hPa Mean Sea level Pressure (hPa)

Fig.1 shows NOAA-NCEP GFS data (0.5X0.5) analysis geographical distribution of mean sea level pressure at every 6 hour on 24th at 0000UTC to 25th at 0600UTC. Analysis shows that diffused low pressure area over Southwest Bay of Bengal and adjoining South Sri Lanka persists on 24th at 0000UTC to 1200UTC. Subsequently the low pressure system moved westward along the South coast of Sri Lanka and intensifies in to well mark low pressure system on 24th at 1800UTC. Fig. 2a shows 1004hPa minimum pressure value at 25th 0000UTC associated with the low pressure system. Barograph reading from Galle Meteorological station is shown (Fig. 2b upper graph) significant pressure drop on 25th at 09.30hr to 16.00hr (SLST) and 1002.1hPa minimum mean sea level pressure reported at around 09.30hour.  Fig. 2a also shows deep North-South pressure gradient and trough of low pressure over Southwest Bay of Bengal and adjoining Sri Lanka area.        
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Fig..2a Enhance image of 1000hPa Mean Sea level Pressure (hPa) and 10m wind (m/s) 
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Fig 2b. Barograph from Galle(upper) & Hambantota Meteorological station                   on 21st to 27 November 2011  
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Fig. 3 
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Fig. 4
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Fig. 5
Streamlines associated with the low pressure system at 850hPa, 700hPa and 500hPa are shown in Figure 3, 4 & 5. It is clearly illustrate cyclonic circulation extending up to 500hPa above sea level over off south coast of Sri Lanka persists. Fig. 3 shows strong winds (20-24 m/s) south of Sri Lanka in-between 75E to 85E.close to the equator at 850hPa level.  It shows that maxima in the wind speed from the southern boundary of the low pressure system. NOAA NCEP GFS data analysis also shows easterly wavy type long air flow   from west Pacific region and it is extended up to mid troposphere.          
2.2 Cloud structure 
Enhance Infrared (IR) images from MTSAT satellite at 22:45UTC on 24th November 2011 to at 06:43 UTC on 25th shown in Figure 6. Upper three figures clearly show that no significant clouds development off south coast of Sri Lanka in the 25th early morning. But the middle three images in Fig.6 show, there are significant convective cell developments off south coast of Sri Lanka (arrow marks in the circle). It is also illustrates that, these convective clouds move towards north-northwest and continuous new cells formation on those flanks. Cloud top temperature is above -800 C on those cells. It is very clearly apparent as a brightness and sharpness cloud cluster in the first available visible (VIS) picture (Fig.7a & 7b) on 25th morning (same as two middle images in right side on Fig. 6). The arrow marks on Fig.7a and 7b pointed out curved shape convective system and having dimension of a few tens of kilometers. Most severe weather occurs in the area of deep, moist convection which is associated this boundary (Zipser 1969). A series of satellite pictures spanning the life history of the disturbance (not shown here) is well-illustrated active cumulonimbus towers growing rapidly on 24th midnight to 25th morning, to the West of the island. It is conformed a mesoscale convective system associated with the low pressure system grow rapidly from 24th midnight. 
2.3 Properties of the Squall line 
The Glossary of Meteorology defines any line of cumulonimbus clouds as a squall line. Zipser (1977) described the term “squall line” to refer to cumulonimbus clouds, organized in linear fashion, associated with a pseudo-cold front (squall front) at the surface, propagating with considerable speed with respect to the ambient low level air, in the general direction of the squall wind in the cold air behind the squall front. According to Asnani “A squall line is a line of strong winds resulting from the downdraft emanating from a line of thunderclouds. A squall line is generally associated with some synoptic scale low pressure system and can be several hundred kilometers long. Each of thunder cloud contains one or more cells. The width of the squall line corresponds to the size of an individual thunderstorm". Lack of surface observation data on large sea areas surrounding Sri Lanka is one of the greatest obstacles for general understanding of convective process associate with the low pressure system. Generally, organized convergence line and strong convection are detectable in satellite imagery due to deep convective development along them. According to literature, in most cases convectively instable squall line forms along the convergent low level streamline. 
Vertical cross section of winds and equivalent potential temperatures (θe) along 76E longitude and 05N latitude is shown in Fig.8. The analysis is done by using Japanese (JMA) Global Spectral Model (GSM) data on 25th 0000UTC. In stable conditions, θe increase with altitude. If θe decrease with height, convection can occur. The comparison of the equivalent potential temperature of parcels of air at different pressures thus provides a measure of the instability of the column of air. The Fig. 8 illustrates that a high θe region in the low troposphere with a minimum of θe in the middle troposphere at 25th morning. Possible reason for the low θe air at 800-950mb describe Zipser (1969), that the air is of middle troposphere origin, between 600-400mb, and that this air descended in unsaturated downdrafts to the low troposphere, where pressure forces accelerated it out of the rain area. According to Zipser (1969, 1977), generally low equivalent potential temperature associated with strong winds in low lever troposphere. But this model data not indicate such strong winds below 800mb the locations of around 76E, 04N and 80E, 05N where the θe value is minimum at this time.    
[image: image7.png]


 Fig: 6 Enhance Infrared (IR) images from MTSAT satellite at 22:45UTC, 23:41UTC, on 24th November 2011, 00:43UTC, 01:45UTC, 02:41UTC, 03:43UTC, 04:45UTC, 05:41UTC and 06:43 UTC on 25th
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                                   (a)                                                                              (b)      
Fig. 7  Visible images from MTSAT satellite at 02:41UTC and 03:43UTC on 25th November 2011
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Fig. 8 Vertical cross section of winds and equitable potential temperature along 76E longitude and 05N latitude from Japan Global Spectral Model (GSM) data 
2.4 Surface Observations and Strong Winds          
Surface observation data in the Southern part of the country from AWS (Automatic Weather System) stations are analysis for understanding the surface layer properties associated with strong winds. Some conventional observations data are used for verification preface and further understanding for significant features. Time series from recorded wind speed maximum of four automatic weather stations is shown in Fig. 9. Maximum winds of above 25knots were reported more than three hours (approximately 9.00am to 12.00noon) in the area of Deniyaya, Tawalama and Nuwara Eliya (inland area). It conform that there was a strong downdraft may result from developed convective cloud is shown in Fig. 6 upper arrow mark. Middle three images in Fig. 6 further illustrate (upper arrow mark) that two convective cells originated near coastal area and merge these cells then gradually moves in to land. 
Time series of 10 minute temperature data at southern stations shows significant drop of air temperature (around 20C) around 08.00am to 02.00pm local time. After 5 to 6 hours the temperature is recovering towards more normal values. It is further illustrate that significant drop of the temperature was started from Deniyaya and extended to southern coastal areas. Zipser (1977) describe according to his temperature observations of the squall region cool, near saturated air spreads out and occupies the lowest few hundred meters in the post squall region, while the warm dry air stay above it, occasionally penetrating below layer but no to the surface. Therefore downdrafts originating from air above cloud base can account for the temperature drop of area around south coast. Satellite winds from ASCT scatterometer (Fig. 11) at 04.32 UTC (around 10.00am) are shown that very strong winds (35-40Knots) blowing from south coast to sea area. Consider with above described convective clouds formation (Fig.6 middle images) in this area and the satellite wind observations are clearly indicate that strong downdraft originated from the near coastal region.  
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Fig. 9 Time series of maximum winds from Automatic Weather System (AWS) at Matara, Deniyaya, Nuwara Eliya and Tawalama 
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Fig. 10 Time series of air Temperature from Automatic Weather System (AWS) at Matara, Deniyaya, Hambantota, Nuwara Eliya and Tawalama 
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Fig. 11 Ocean surface vector wind data from European ASCT (Advanced Scatterometer) system at 04.32UTC (10.02SLST)
3.0 Conclusion

This discussion has been based on analysis of global NWP model data with AWS and satellite observations. Therefore the above detail evidence that the occurrence of squall system or strong downdraft along the south of Sri Lanka. But it cannot be confirmed without Doppler Radar Image. The sudden drop of local Mean Sea Level Pressure at Galle meteorological station may indicate that rapid development of the low pressure system during the 25th morning. To make firm conclusions, further investigations are needed with limited area high resolution numerical model.    
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5.0 Remarks
Some of the major areas which need developed are given below:
1. Implementation of higher resolution NWP techniques,

2. Introduction of direct data assimilation system for AWS to NWP model,

The Meteorological and Disaster Information Network donated by JICA consists of the Automatic Weather Observation Station System (AWS), Satellite Communication System (VSAT system), and Central Operating System (COS). The AWS consists of 38 stations: 20 Synoptic Meteorological Stations and 18 Collaborator Stations. There are 7 observation elements for Synoptic Meteorological Stations. Those are wind speed and direction, temperature, humidity, rainfall, barometric pressure, and solar radiation. As for the Collaborator Stations, 5 elements are observed except for the humidity and barometric pressure. All observed data is automatically transmitted to the COS every 10 minutes trough VSAT system. These data are able to use for the NWP models.   
3. Upgrade Global Telecommunication System,

The GTS (Global Telecommunication System) data receiving speed was 50baud now it has upgrading to TCP/IP donated from USAID. Also it includes SADIS (Satellite Distribution System) for international aviation purpose. But it is not sufficient for available various type of data (Including Global NWP model data) collecting to our weather requirements.

4. Enhanced capacity of weather and climate research works,

5. Real time forecast verification system 

6. Enhanced capacity of ocean weather forecast. 
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