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1.
Introduction

1.1
The ASEAN Specialised Meteorological Centre (ASMC) was established in 1993 in Singapore as an ASEAN project to facilitate the development of weather prediction models and related research and development programmes in the region. ASMC is hosted by the Meteorological Services Division (MSD) of the National Environment Agency (NEA) of Singapore.

1.2 Following the severe haze episodes in 1991, 1994 and 1997 which adversely affected several ASEAN Member Countries, a Regional Haze Action Plan1 (RHAP) was adopted by ASEAN to set out cooperative measures for addressing the problem of smoke haze in the region arising from land and forest fires by prevention, monitoring and assessment and fire-fighting and other mitigating measures. Under the plan, ASMC was tasked to extend its roles to include monitoring and assessment of land and forest fires and the resulting smoke haze in Brunei Darussalam, Indonesia, Malaysia and Singapore. The area of coverage was further extended to the whole of ASEAN in early 2003. Thus, working in collaboration with the National Meteorological Services (NMSs) in ASEAN Member Countries (AMCs), ASMC has been proactively involved since 1994, in the following activities: -

· Provision of assessment on weather and climate outlook to alert users of conditions that are likely to lead to significant incidents of fire and haze;

· Maintaining surveillances on fire and haze in the region and making available the monitoring results to users through the ASMC Intranet;

· Engaging in development and collaborative programmes to continuously enhance the capacity in the monitoring of environmental disasters; and

· Contributing and coordinating regional projects to strengthen the support and technical capabilities of NMSs in ASEAN.

2
Monitoring and Assessment of Fires and Smoke Haze
2.1
ASMC uses remote sensing techniques in the monitoring and surveillance of fire and smoke haze in the region. Such techniques are effective, timely and cost-effective to cater for the large area of interest and the remote and often highly inaccessible terrain in the region. In the beginning, the Advanced Very High Resolution Radiometer (AVHRR) satellite data from the National Oceanic & Atmospheric Administration (NOAA) Polar Operational Environmental Satellites (POES) were first used to derive the hotspot information of the region2. The meteorological and synoptic reports of the region are then derived from the Global Telecommunication System (GTS) and the Aeronautical Fixed Terminal Network (AFTN) to supplement the remotely sensed information. In recent years, the availability of additional data from the Chinese Feng Yun polar-orbiting satellites FY-1 C/D, the National Aeronautics and Space Administration (NASA) Earth Observation Satellites (EOS) Terra and Aqua and the high resolution imageries from the Système pour l'observation de la Terre (SPOT) earth resources satellites have largely helped ASMC in its daily monitoring and surveillance of fire and smoke haze in the region.

2.2
Air quality data from some selected monitoring stations in Brunei Darussalam, Indonesia, Malaysia and Singapore are also made available to ASMC to verify the air quality of areas affected by smoke haze pollution.

2.3
The products posted on the ASMC Intranet3, with some on NEA website, to support the RHAP include: -

· Daily satellite pictures depicting the hotspots and smoke haze areas in the region;

· Daily analyzed map of hotspots location;

· Haze map showing the hotspots and wind flow;

· Daily updated text file listing the locations of hotpots;

· Daily analysed and predicted wind conditions in the region;

· Haze trajectory and dispersion map (when significant events occur);

· Weekly update of regional rainfall;

· Monthly update of consensus forecast of regional climate conditions;

· Archives of selected fires and haze satellite pictures;

· Pollution index and other information.

3
Capacity Enhancement
3.1
Satellite Ground Stations
Satellite data processing systems for the polar-orbiting NOAA satellites and Geostationary Meteorological Satellite (GMS) were in use in MSD, before the establishment of ASMC. Through the years, several new satellite systems were acquired to support the activities of ASMC. A new NOAA satellite system was acquired in early 1999 and upgraded in 2002 for the FY-1C/D satellites. Next a sophisticated dual-band (L & X) was acquired in 2003 for acquisition of data of High Resolution Picture Transmission (HRPT) from the NOAA and FY-1 satellites and Moderate Resolution Imaging Spectroradiometer (MODIS) data from the EOS Terra and Aqua satellites. Another new dual band tracking antenna system (NPP & NPOESS-enabled) will be commissioned in early 2006 providing ASMC with additional capacity to track most of the available polar-orbiting meteorological and environmental in the world. Data from the GMS-5, Geostationary Operational Environmental Satellite (GOES)-9, Feng Yun (FY)-2B are used to complement the data received from the polar-orbiting satellites. The latest geostationary meteorological satellites in the region, the FY-2C and Multi-functional Transport Satellite (MTSAT)-1R, will be used in early 2006 to provide more frequent half-hourly imageries of the region. Being equipped with an additional sensor for the detection of thermal anomalies, satellite imageries from these two satellites will be used by ASMC for close monitoring of the more prominent fires.

3.2 
Computing Resources
The Centre’s computer facilities which it shared with MSD were further upgraded with acquisition of NEC SX-4 in 1999 and SGI Origin 2000 in 2000. The NEC SX-4 was replaced by a NEC SX-6 in 2004. These computers are used to support implementation of computerised models for weather prediction, graphic visualisation and other data processing functions.

3.3
Dissemination System
In early 1998, an ASMC Intranet, http://intranet.mssinet.gov.sg/asmc/asmc.html, was launched for the timely dissemination of fire, haze and other information to government agencies and organizations involved in RHAP related activities. The Intranet provides daily land and forest fires and smoke haze monitoring information, which include processed satellite pictures, location of land and forest fires and associated hotspots and smoke haze, regional low-level winds and other related weather conditions including seasonal climate outlook. In addition, a subset of the information is also made available on NEA website http://www.nea.gov.sg in the services provided by MSD.

3.4
R & D Activities
To cater to the increasing demands for better and wider range of services and in particular to provide better support to the RHAP, ASMC will continuously upgrade its facilities such as the monitoring, prediction and dissemination systems whenever necessary. ASMC will also enhance its technical capability as well as that of the NMSs in the region by engaging in development programmes and by collaborating with other centres and institutions. In addition to monitoring of atmospheric conditions, ASMC also deems it important for meteorological services in the region to enhance their marine observation and prediction capacity. In pursuing these objectives, it has formulated some of the existing and new programmes including: -

· Introduction of new algorithm to depict hotspots and detect haze using satellite data.

· Compiling and creating a satellite database to support future studies and investigations.

· Weather and climate forecasting and dispersion studies using NWP.

· Ground-truthing of products.

· Use of MODIS data for environmental monitoring and studies.

· Refinement of HYSPLIT-4 Dispersion Model to produce forecast of impending haze episodes and spread of smoke haze.

4
Collaborative Projects

4.1
ASMC has also initiated programmes to strengthen the capabilities of the NMCs. In this regard, ASMC has collaborated with various international institutions, including the World Meteorological Organisation (WMO), US National Oceanic and Atmospheric Administration (NOAA), UN Economic and Social Commission for Asia and the Pacific (ESCAP), Australian Agency for International Development (AusAID), Japan International Cooperation Agency (JICA), Japanese Meteorological Agency (JMA) and US International Research Institute (IRI). These programmes include:-

a)
Programmes to Address Transboundary Smoke (PARTS) (completed)


This project was launched in collaboration with US NOAA to implement the following programmes: -

· Enhancing the region’s atmospheric monitoring capacity by deploying optical depth devices in haze affected areas.

· Enhancing the haze transport and dispersion prediction capacity by introducing the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPIT) haze dispersion model.

· Enhancing Meteorological Satellite Program by feeding US Defence Meteorological Satellite Program (DMSP) data to the region.

b)
Seasonal Climate Prediction Project

This project was initiated in 1999 through a proposal prepared jointly with Office of Global Program (OGP) of NOAA. The project was aimed at the enhancement of the capacity of the region to predict seasonal climate and weather conditions through the implementation of a regional climate prediction model and adoption of advanced interpretation methodologies. The programmes currently being implemented involved close collaboration with the US International Research Institute (IRI) in the area of training and model interpretation. In connection with this project, a 2-week workshop for ASEAN meteorologists on Seasonal Prediction Methodology was held in ASMC in Dec 2001. A second follow-up workshop is scheduled in 2006.

c)
Rainfall Estimation for Monitoring of High Risk Fire Areas in South East Asia
The project is being implemented jointly with JMA to better detect and identify the dry and wet areas in the fire prone areas using satellite-derived observations. Satellite data from GMS-5, was used to help derive rainfall in the data-sparse areas for estimating the risk of land and forest fires. An implementation meeting and the model introduction was held in ASMC in mid-Dec 2001 and training workshop on the use of the software and model was conducted in Nov 2002. Arrangement has been made with JMA to convert the software to use MTSAT-1R data and a workshop on this project is scheduled in early 2006 in ASMC

d)
South East Asia Centre for Atmospheric and Marine Prediction (SEACAMP) project
This project, jointly developed and proposed by the World Meteorological Organization (WMO) and ASMC, comprises modules to: -

· Establish a network for the exchange of marine meteorological and physical oceanographic data in ASEAN;

· Generate customized model products for marine meteorology and oceanography; and

· Upgrade of data acquisition systems for marine meteorology and oceanography in ASEAN.

e)
Enhancement of Regional Observation System for Tranboundary Pollution Events (completed)
This project, funded by the Australian Agency for International Development (AusAID) was coordinated by ASMC in collaboration with WMO, UN Economic and Social Commission for Asia and the Pacific (ESCAP) and AMCs. It involved the enhancement of selected weather stations in the region to improve their air pollution monitoring capability. The initial phase of the project started in 2001 and the final workshop was conducted in Dec 2003. Purchase of monitoring equipment for both Indonesia and Malaysia had been completed in early 2004.

5
Other Regional Initiatives Involving ASMC
5.1
Other regional ASEAN initiatives on transboundary haze pollution often carried out under the auspices of the ASEAN Secretariat include: -

· Establishment of the Sub-Regional Fire-Fighting Arrangements (SRFAs) for Borneo and Sumatra in April 1998.

· Implementation of ASEAN-ADB project - Strengthening the Capacity of ASEAN to Prevent and Mitigate Transboundary Atmospheric Pollution (1998 - 1999).
· An ASEAN Haze Action Online website on fire and transboundary haze was launched for monitoring of RHAP implementation in April 1999.

· Implementation of Immediate Action Plans (IAPs) in Riau and West Kalimantan Provinces for addressing fires and haze problems in fire-prone areas and development of an operating procedure for activating forest fire-fighting resources in the ASEAN region (1999-2001).

· Convening of dialogue sessions with plantation companies as part of the effort to promote zero burning policy and raise awareness on zero burning techniques among plantation companies (January & July 2000, May 2002 & October 2003).

· Establishment of Sub-Regional Climate Review Group to closely monitor the weather conditions especially during the dry seasons (April 2000).

· A pilot Land and Forest Fire National Disaster Simulation Exercise to create a practice field for learning and strengthening existing institutional structures responsible for coordination and response aspects of national land and forest fire disaster (June 2001);
· Development of a GIS Database for Sumatra, Kalimantan and Malaysia to strengthen the capacity of the AMCs to use spatial data layers for forest fires prevention, monitoring and suppression planning in the ASEAN region.

· Strengthening of the RHAP’s monitoring network of national- and regional-level institutions, which include the ASMC, national meteorological agencies, and other related agencies in the region (ongoing);
· Signing of the ASEAN Agreement on Transboundary Haze Pollution4 on 10 June 2002 by the ten ASEAN member countries;
· Conduct of an SRFA Fire and Haze Disaster Tabletop Exercises (July 2003 and April 2004);
· Implementation of an ASEAN Peatland Management Initiative5 (ongoing);
· Development of an ASEAN Peatland Management Strategy6 (ongoing);
· Conduct of an SRFA Fire and Haze Disaster Simulation Exercises (scheduled October 2005), see SRFA Standard Operating Procedure for Monitoring, Assessment and Joint Emergency Response) 7.
6
Early Warning System for Smoke Haze
6.1
ASMC uses various tools including numerical prediction models, dispersion models, fire danger indices, satellite products among others to compile and analyse the available information and data to provide an early warning system for land and forest fires and smoke haze for ASEAN. Advisory and warning of any impending haze episodes are transmitted to the ASEAN community through the interim ASEAN Coordinating Centre (ACC) for Transboundary Haze Pollution Control currently handled by the ASEAN Secretariat.
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