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Summary and purpose of document

This document provides information on the capacity of severe weather monitoring, forecasting and warning services of Sri Lanka Meteorological Department (DOM).


Action Proposed
The meeting is invited to take a note and comment on it and use the information in updating the Regional Subproject Implementation Plan (RISP) of SWFDP-Bay of Bengal.

Annex(es):	- …….…….


Severe weather monitoring, forecasting and Warning System in Sri Lanka
1. Introduction

Weather information, especially forecasts and warnings, can have significant impacts on the economy and is critical for the protection of life and property. The Department of Meteorology (DoM), Sri Lanka serves as the nation’s authoritative source of weather information, providing routine public, marine, and aviation forecasts, as well as advisories and warnings when conditions warrant. 
As the primary provider of weather and climate services and data in the Sri Lanka, the DoM is responsible for weather forecasting and warnings of weather related natural disasters (heavy rain, strong winds, cyclones and rough seas) and Tsunami and conducting meteorological research and subsequently sensitizing relevant sectors regarding them. It carries out the following activities: (1) Providing meteorological, climatological and limited astronomical services, including the taking, storing and managing a range of meteorological observations (2) Providing early warning services about meteorological hazards and tsunamis, (3) Contributing to technical activities on climate change, and (4) undertaking staff training and research in matters relating to meteorology.
2. Weather forecasting and warning services of Sri Lanka:
The forecast, warnings and advisories by DOM for national purpose are issued for different temporal ranges and spatial domains. The temporal resolution of forecasts and warnings ranges from very short range which is valid for 3-6 hours to long range which has the validity of months to a whole season. 

Current weather forecast and warning services of the DOM are summarize as follows.
· Public weather service 
i. General weather forecast (24hr to  36 hr)
ii. Bad weather advisories and warning services
· Heavy rain
· Strong winds
· Lightning and thunderstorm
· Cyclone 
· Rough seas
· Heat Index
· Marine weather forecast  (12hr to 10day)
· Weather forecast for international maritime activities 
· Aeronautical meteorological forecast and warning  
· Agro-Met forecast
· Weekly weather  forecast
· Drought monitoring (monthly )
· Seasonal weather forecast 
· Next month/next 3 months (probabilistic rain and temperature forecast)
· Next season (probabilistic rainfall forecast)
Climate Projections
The two monsoon essentially determine the seasonality of Sri Lanka. The seasons are distinguished only by means of the timing of the two monsoons and the transitional periods separating them, called inter-monsoon seasons . Considering natural hazards in Sri Lanka, due to its location as an island surrounded by the Indian Ocean and path of two monsoons, over 90% of the natural disasters that occur in Sri Lanka are of hydro-meteorological origin.  Sri Lanka is mainly vulnerable to the following:

1. Hazards associated with tropical cyclones/depressions or low pressure systems which develop in the Bay of Bengal and Arabian Sea.
2. Hazards associated with heavy rain (monsoonal or thunderstorms)
3. Hazards associated with strong winds

During the months of October to December, depressions forming in the Bay of Bengal  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. Devastation due to cyclones thus does not top the list of natural disasters. Heavy rain during the onset of southwest monsoon and strong gusty 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 to the life and property is lightning and around 20-30 casualties were reported every year. 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. 
3. Monitoring Process
a. Surface Observation Network:  
The surface synoptic network of the department consists of 23 stations. All the standard meteorological parameters are observed at these at three hourly intervals. The automatic weather system network in Sri Lanka consisting of a total of 38 stations has two types of stations.  22 stations are equipped with sensors to measure Wind speed and direction, Temperature, Humidity, Rainfall, Pressure and Radiation while the balance 16 stations are equipped to measure Wind speed and direction, Temperature, Rainfall and Radiation. There are 40 Agro-Meteorological stations and are based mostly at agricultural agencies. At these stations in addition to standard meteorological parameters, agriculturally important parameters such as soil temperature and evaporation are observed twice a day by observers trained by the department. Technical assistance for maintaining this network is provided by the department.
Figure 1: Locations of surface observation network in Sri Lanka (a) Synoptic and Upper air observation,         (b) Automated observations network and (c) Agro-met observation network (green dots)
(c)
(b)
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b. Rain gauge Network: 
The total number of stations measuring 24-hour accumulated rainfall in Sri Lanka using manual rain gauges is approximately 512. These stations are managed by voluntary observers (trained by the department). Information from most of these stations are collected on daily basis.  Networks of 120 automated rain gauges are being installed in areas prone to exceptionally heavy rain events, particularly in the central highlands and major river catchment of Sri Lanka. Observations performed automatically at these stations are received every 10 minutes at the NMEWC.

c. Upper Air Network: 
Upper air pilot balloon observations are made at 04 synoptic meteorological stations (Colombo, Trincomalee, Hambantota and Mannar) at 00, 06 and 12 UTC. The only GPS-based Radiosonde station in Sri Lanka is at Colombo headquarters. 

d. Satellite Imagery Reception: 
Department maintains satellite imagery reception and processing systems for Chinese FY and Japan Himawari satellites. The imageries from these satellites are processed and used extensively at the NMEWC. 
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Figure 2: Rain gauge network of Sri Lanka (a) manual rain gauge network (b) Automated rain gauge network



e. Doppler Weather radar 
Department of Meteorology is planning to install two C-Band Pulse Compression Solid State Dual Polarization (Polarimetric) Doppler Meteorological Radar Systems covering the whole country. The project is fully funded by government of Japan and expect to complete the  year 2021.  After completing the project, DOM expect to improve the capacity of short range weather forecasting and warning activities of the department. 
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Figure 3: Composite picture of the proposed meteorological radar observation network in Sri Lanka 


4. Forecasting System
With the technological advancements, the accuracy of weather forecasts and bad weather warnings at all time scales have been improved globally. However, forecasting of tropical weather is a still evolving subject. In particularly, forecasting weather over a tropical island such as Sri Lanka is very challenging, particularly due to inadequate meteorological observations over the vast oceanic region around the island. In addition, due to high energy content in the air masses of the tropical region, very rapid changes in weather occur and such rapidly developing meso-scale systems are not well represented by somewhat sparse observation networks which account for severe weather situations. 
At present early warning on very heavy/exceptionally heavy rainfall is issued by the Department of Meteorology, nevertheless the making of better and more accurate weather warnings with information on quantity of rainfall expected is beyond the present capabilities of the department. The development of  use of digital tools and techniques and Numerical Weather Prediction models particularly high resolution regional/local area NWP models to assist weather forecasting is essentially required to improve the accuracy of weather forecasting in Sri Lanka. 
Weather forecasting at present in the department is performed using mainly subjective techniques with numerical weather products used as guidance. Outputs of numerical weather prediction models of India Meteorological Department (IMD), and European Centre for Medium Range Weather Forecasting (ECMWF) are used extensively as guidance for forecasting at the National Meteorological and Early Warning Centre. 
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Figure 4: DOM Weather Research Forecast (WRF) Model output-with GFS



The implementation of an in-house numerical model for Sri Lanka area and neighborhood based on WRF model system was started in 2015 and it is being used for both atmospheric research and operational forecasting activities. This local area model which is initialized by the output of global model runs at advanced centres (GFS/ECMWF)  is presently used on experimental basis in the department for forecasting up to 9 days ahead with promising results. This implementation which is a local scale model with adequate resolution, tailor made to local environment is considered as a move in the correct direction to improve weather forecasting process in Sri Lanka. Experiments are presently in progress in-house to improve model forecast and more studies and capacity improvements are needed to obtain better results. 

At present, Department of Meteorology disseminates the seasonal weather forecasts to its stakeholders prior to the both southwest and northeast monsoon  seasons. These seasonal weather forecasts which are issued utilizing output of several advanced global models are used extensively by Agriculture and Irrigation departments in their activities.
In Sri Lanka in the advent of rapid development programs, commercial, industrial, energy, agriculture, health, water and irrigation etc., sectors are hard pressed for time and labour cost and desperately in need of reliable guidance on future weather, which will eventually contribute to both economic and social development and stability of the country. 

5. Warning System 
Severe weather warning system of the Department of Meteorology is defined by the stranded operating procedures(SOPs) for responsible parameters such as heavy rain, strong winds and cyclone.  Warnings and advisories are issued in  different temporal ranges and different spatial domain with content of text and graphics.  
In the synoptic situation, is considered with guidance of NWP product to predicting the severe weather events. Extreme Forecast Index (EFI) based on ECMWF Ensemble Prediction System (EPS), IMD high resolution NWP products are highly useful for predicting severe weather events. Overall analysis, prediction and decision-making process is carrying out by scientifically based conceptual models, dynamical & statistical models, meteorological datasets, technology and expertise. All warning processes are followed by Stranded Operating Procedures (SOP) of the DOM.      
· Heavy Rainfall warning: 
Heavy rainfall warnings are issued according to the rainfall thresholds (intensity of rainfall) different temporal domain. Followings are the warning criteria of heavy rainfall issued by DOM. 


	
Description (Likelihood)

	Alert status
	Actions required

	
Moderate rainfall 
< 100mm
	Information
	Effects of rainfall will vary from place to place according to local conditions. Act according to the relevant official instructions   

	Heavy rainfall
Rainfall > 50 mm per 6hrs
Rainfall > 100 mm per 24hrs
	Alert
	Effects of rainfall will vary from place to place according to local conditions. Act according to the relevant official instructions   

	Very heavy rainfall 
Rainfall > 150 mm per 24hrs
	Warning
	Effects of rainfall will vary from place to place according to local conditions. Act according to the relevant official instructions   

	Treat of rainfall is over 
(however light to moderate rainfall can be experience) 
	Threat is over
	Effects of rainfall will vary from place to place according to local conditions. Act according to the relevant official instructions   



The colour codes (red, orange, yellow and green corresponding to warning, alert, watch and no warning) are used for warning advisories in association with rainfall.

· Strong winds 
Deferent wind speed warning criteria are used in the land ocean areas issued the strong wind advisory/warning by DOM.    

	Land

	Wind speed Criteria 
	Alert Status 
	Color 

	Average Wind is >30kmph
Gusting > 60kmph 
	Alert/Advisory 
	Amber  

	Average Wind is > 50kmph 
Gusting > 70kmph 
	Warning 
	Red  



	Sea


	Wind speed criteria 
	Wave Height 
	Alert Status 
	 Color 

	Average Wind is > 30kmph 
Gusting > 60kmph 
	> 2m 
	Alert/Advisory 
	Amber 

	Average Wind is > 70kmph 
Gusting > 100kmph 
	> 4m 
	Warning 
	Red 

	Squall line 
Wind Speed > 70kmph 
	  
	Alert/Advisory 
	Amber 


· Thunderstorm/Lightning warning: 

Under a collaborative project namely  “Severe Storm Warning Services for Sri Lanka (SSWSS)”’  with Finish government, Vaisala and DoM,  the access to  ‘’Vaisal GLD 360’’  lightning detection system (Figure 5) is granted for two years. 
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Figure 5: DOM lightning detection system (left) and Warning issued by lightning and heavy rainfall (right) 




· Cyclone warning

 DOM uses RSMC - New Delhi cyclone warning and advisory bulletins to issue tropical cyclones warnings. Local advisory and warning bulletins for cyclone are issued by using  all  synoptic, satellite and NWP model products for monitoring and predictions of cyclone  genesis, intensity and track. 
Following criteria are being used to issue local advisory/warning by DOM  
· Movement distance from the coast < 600km  - Every 12hrs for 48 -72hrs (Movement, Distance, Magnitude and Max Wind) 
· Movement distance from the coast < 500km - Every 6hrs for 36-48hrs (Movement, Distance, Magnitude and Max Wind) 
· Movement distance from the coast < 300km - Every 3hrs for 18hrs (Movement, Distance, Magnitude, Max Wind Landfall pt, Landfall time and affecting areas) 

[image: 20181111_2][image: http://www.saarc-sadkn.org/countries/srilanka/images/H_Profile5.PNG]











Figure 5: Tracks of Past Cyclones and Storms Crossed Sri Lanka (left), national cyclone advisory for 
Multiday boat fishermen are issued by DOM (right)




DOM   is using following warning/advisory criteria for low pressure system/ tropical depression / cyclone  

	Signal
No
	Colors
	Description
	Action Required

	1
	white
	Potential area of possibility to development of vortex /disturbance / Cyclone has formed 
	Information only, Vessels at sea to be vigilant and avoid the area, Listen to media 

	2
	Yellow
	Cyclone has formed in the vicinity, rainy and windy, rough seas
( 30-40kts, 50-80kmph) 
	Stay away from beach/sea, vessels in danger/be inside building 

	3
	Orange
	Cyclone has formed in the vicinity, very heavy rain with very strong winds, very rough seas
( V > 40kts, 80kmph) 
	Be ready to leave weak buildings and low lying areas (flood prone areas), secure your home valuables 

	4
	Red
	Cyclone is expected to cross land, Very heavy rain/very strong winds (V>50kts,100kmph) 
	Evacuate to predesigned areas 

	5
	Brown
	Severe cyclone is expected to cross
Very severe weather expected 
	Evacuate to predesigned areas 

	6
	green
	Cyclone warning cancellation/withdrawal bulletin  
  



· Heat index advisory 
Month of April and May are the warmest months of Sri Lanka and people are experiencing warm weather particularly in the coastal region in the country during day and night. This year (2018) DOM  started  to issue heat index advisory for Sri Lanka  with the cooperation of Ministry of Health, Nutrition and Indigenous Medicine. 

[image: ] 
Figure 6: Warning criteria of warm weather



The Heat Index Forecast is calculated by using relative humidity and maximum temperature and this is the condition that is felt on your body. This is not the forecast of maximum temperature. It is generated by the Department of Meteorology for the next day period and prepared by using global numerical weather prediction model data.

Effect of the heat index on human body is mentioned in the above table and it is prepared on the advice of the Ministry of Health, Nutrition and Indigenous Medicine (Figure 6).

6. Warning Dissemination Mechanism
[bookmark: _GoBack]The warnings are disseminated to various users through telephone, fax and e-mail to all printed and electronic media, national disaster management authorities and relevant government/non-government agencies. These warnings/advisories are uploaded in the website of DOM (www.meteo.gov.lk). 
7. Gap Areas
A quality and dense observation network is needed to identify and capture meso-scale  weather systems which leads to heavy and intense down-pours. In that sense enhancing the observation network is essential for Sri Lanka particularly as a tropical country. This needs additional meteorological equipment, automatic weather systems (AWS), Upper air observation equipment with an advanced communication system connecting all systems to the forecasting centre in real time basis. 
As noted above, weather forecasting in Sri Lanka is based mainly on subjective techniques with guidance from numerical model outputs. Early warning on exceptionally heavy rainfall is also performed in a similar manner using NWP products as guidance. The making of better and more accurate weather warnings with information on quantity of rainfall expected is beyond the present capabilities of the department. 
The development and use of digital tools and techniques and model outputs (NWP) to assist weather forecasting is essentially required to improve the accuracy of weather forecasting in Sri Lanka. Considering the requirement for more accurate weather predictions at all time scales such as now-casting, very short range, short range, medium range, extended medium and long range (including seasonal), and implementation of a suite of numerical weather products tailored for the environment of Sri Lanka is absolutely essential. 
At present, at the Department of Meteorology, the output from different meteorological observation systems, numerical weather products, satellite imagery and forecast tools are analyzed separately in arriving at the weather forecast. It is clear that the accuracy of the forecast can be improved by developing an integrated forecasting system where information from all the sub systems is analyzed together.
The primary data sources for synoptic analysis are observations from the regional and local synoptic station network, regional upper atmospheric data network, numerical weather products and satellite networks. It is necessary to convert all these information to a common format so that they all can be visualized and analyzed in the forecaster workstation.  The facility to disseminate forecasts, warnings and alerts through this system would be an advantage. 


8. Conclusions 
National Meteorological Center (NMC) is the key center in the DoM, providing routine forecast for public, marine forecasts as well as bad weather advisories and warnings. The scientific understanding of the atmosphere and the ability to forecast large and small scale meteorological phenomena have increased dramatically over the last two decades. Therefore, enhancement and improvement of capacity of the NMC will assure that the enhance the ability to observe and understand the atmosphere and provide better meteorological services to the nation. 
Therefore, improving capabilities of the Department of Meteorology for accurate weather forecasting at different time scales such as now-casting (00 -02 hrs), very short range (up to 12 hrs), short range (12 hrs - 03 days), medium range (03- 10 days), extended (10-30days) and long range (01 month- 02 yrs including seasonal) and subsequent early warning services are an extreme necessity. 

The role of the DoM, as the mandated agency for weather and climate information provider  in the country, is crucial and important to minimize the impacts of natural hazard events by issuing much area specific, more reliable  and in time weather forecasts and warnings. This can be achieved by making good use of the equipment to be provided and the facilities to be established as part of its disaster prevention infrastructure including the meteorological radar systems.
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Figure 9: Composite Picture of the Proposed Meteorological Radar Observation Network n Sri Lanka
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