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1.
Summary of highlights
a) MSS has implemented a trial nested suite of WRF models using resolutions down to 667m over Singapore.  These model configurations have boundary forcing from NCEP GFS and including local 3dVAR data assimilation. 
b) Along with other ASEAN national meteorological services, MSS has co-ordinated a climate observational and modelling study for the South East Asian region.  The modelling part is using the UK Hadley Centre’s PRECIS v 1.9.3 regional modelling system.  

2.
Equipment in use 
The main equipment for the meteorological data processing system includes: 
· Set of p-series and x-series IBM servers running web, application server and database applications for processing of weather data (decoding, formatting and customization of data for forecasters and external users).
· 2 x-series IBM servers as Message Switching servers performing data reception and international message switching through the GTS/AFTN circuits, and  6 windows workstations used for the purpose of processing/visualization of data from the GTS/AFTN.

· HP high performance computing cluster with 1 head node and 22 compute nodes (with a mixture of AMD Opteron 8435 and 6272 CPU) provide 848 computing cores for the purpose of running atmospheric, wave and ocean models; and
· Various Windows/Unix Servers/workstations for data/image processing.

3.
Data and Products from GTS in use

· Data - The following reports were received daily:

SYNOP, SHIP, PILOT, TEMP, AIREP, SATOB, AMDAR

· Products

GRIB Data from KWBC, EGRR, ECMWF, JMA, AMMC
4.
Forecasting system

4.1
System run schedule and forecast ranges


The general structure of the prognostic system, the models in operational, domain, resolution, frequency of run schedule and forecast ranges in hours.
	Purpose
	Model
	Domain
	Resolution
	Frequency
	Forecast 

	NWP
	WRF
	16S-16N, 88E-128E
	18km
	2
	72 h

	
	WRF (nest)
	5S-7N, 

95E-109E
	6km
	2
	72 h

	NWP

(trial system)
	WRF
	16S-16N, 88E-128E
	18km
	2
	72 h

	
	WRF (nest)
	5S-7N, 

95E-109E
	6km
	2
	72 h

	
	WRF (nest)
	1S-3.5N,

101E-106.1E
	2km
	2
	24h

	
	WRF (nest
	1.1S-1.7N,

103.2E-104E
	667m
	2
	24h

	Climate modelling
	PRECIS
	15S-31N, 

88E-133E
	25 km
	ad-hoc
	

	Ocean

Modelling
	WaveWatch 3
	Global
	0.5 deg
	2
	72 h

	
	WaveWatch 3
(nest)
	15S-30N, 

90E-145E
	1/6 deg
	2
	72 h

	
	WaveWatch 3 (nest)
	4S-6N, 

99E-109E
	1/20 deg
	2
	72 h

	
	Southeast Asia Ocean Model  (SEAOM)
	9S-24N, 
99E-121E
	1/12 deg
	1
	72 h

	
	
	
	
	
	


4.2
Medium range forecasting system (4-10 days)


WRF is driven by NCEP GFS data which produces forecasts up to 7 days. The runs are done once a day using the initial 0.5-deg NCEP GFS 00 UTC data downloaded from the NOAA NOMADS server.  The model resolution is 18 km.  The domain is shown in Figure 1.
4.3
Short-range forecasting system (0-72 hrs)


WRF is adapted and implemented for short range forecasting.  This WRF model at MSS has a regional coverage that is centred over Singapore with a resolution of 18km and 6km.  We are currently experimenting with another two high-resolution domains in 2km and 667m.  The WRF is driven by 0.5-deg NCEP GFS data downloaded twice daily from NOAA NOMADS server.  Local observations such as doppler weather radar, wind profiler, and ground-based measurements are incorporated into the model initial conditions through 3D-VAR data assimilation technique.  The domain is shown in Figure 1.
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Figure 1 WRF domains
4.4    Nowcasting and Very Short-range Forecasting Systems (0-6 hrs)
No Change.
4.5
Specialized numerical predictions 


MSS uses the regional climate model developed by the U.K. Hadley Centre, known as Providing Regional Climates for Impacts Studies (PRECIS) to conduct downscaling of global climate models.  PRECIS simulations are run for various IPCC scenarios for Southeast Asia with boundary data provided by the Hadley Centre for the period 1970 to 2100.  The historical climate simulations are used for validation with our station observation and the future climate projections are used to assess the impact of climate change on temperature, rainfall, humidity and wind in Singapore and the region. 

In May 2011, MSS established a collaboration programme with the UK Met Office which covers the joint development and implementation of climate, NWP and dispersion models, exchange of personnel and regional climate research over the next few years.  MSS with the UK Met Office is coordinating a Southeast Asia climate modelling study, using the latest PRECIS v 1.9.3. The study involves Singapore together with several other ASEAN national meteorological services running the PRECIS model to generate century projections (2010-2100) of Southeast Asia at 25 km resolution, driven by HadCM3Q ensemble and ECHAM5 boundary data. The results of the runs, targeted to be completed by end 2012, will be validated using station observations and to assess the impacts of climate changes in Southeast Asia.
4.6
Extended range forecasts (ERF) (10 days to 30 days) 
4.6.1 
Research performed in this field
MSS is also presently undertaking research to analyse and quantify the impacts of the Madden-Julian Oscillation (MJO) on the rainfall patterns over Singapore and in the region. 
4.7 
Long range forecasts (LRF) (30 days up to two years) 

4.7.1 In operation

MSS currently uses the Seasonal Climate Outlooks in Pacific Island Countries (SCOPIC) and Climate Prediction Toolkit (CPT) statistical model from the Australia Bureau of Meteorology (BOM), and International Research Institute for Climate and Society (IRI) respectively.  The SCOPIC software correlates historical sea surface temperature against our local station rainfall to produce up to 6 month rainfall forecasts over Singapore.  The CPT software uses the ECHAM4.5 GCM model monthly forecasts to correlate to our station data and similarly produce rainfall forecasts for the next 6 months.  A seasonal forecast product for the ASEAN region is also operationally produced using the CPT.  This is also updated monthly and valid for the next 3 months.
4.7.2
Research performed in this field
Extended range forecasts are not carried out at present. However, MSS is currently evaluating the performance of the GloSea4/GloSea5 dynamical products from the UK Met Office in providing local and regional extended range forecasts rainfall and temperature probabilistic conditions. Research into the skill of the systems to provide forecast products such as onset of monsoons, prolonged dry spells, and weekly temperature and humidity is also being been planned.
4.8 Wave and Ocean forecasts

4.8.1 Wave Models


No change.
4.8.2 
Ocean Models

No change.
5.
Verification of prognostic products

A regional NWP model, WRF has been successfully adapted and implemented.  An initial comparison of the 1-day categorical rainfall forecast over Singapore with TRMM observations in 2010 showed an average accuracy score of about 70%. Currently, MSS is developing an online verification and evaluation system for the WRF NWP system.
6.
Plans for the future (next 4 years)
6.1
Development of the GDPFS 

MSS is commissioning a new high performance computing cluster with an estimated peak performance of 55 TFLOPS (2688 computing cores) and a storage capacity of 840 Terabytes in mid-2013 to support the development and operation of a new suite of weather and climate prediction models.  To cope with the anticipated large volume of climate data, MSS is studying a storage infrastructure consisting of high-end Network Attached Storage (NAS) and enterprise storage.
6.2
Planned research Activities in NWP, Nowcasting and Long-range Forecasting

6.2.1 Planned Research Activities in NWP

The current WRF implementation takes as initial and boundary conditions the model output from NCEP GFS; planned research activities include exploring using the 25-km UK Met Office global Unified Model as initial and boundary conditions for the WRF implementation.  MSS is conducting research in 3D and 4D-VAR data assimilation technique to assimilate local observation data into the WRF.


Under a multi-year collaboration programme between MSS and the UK Met Office, MSS is starting a new research project to develop a state-of-the-art tropical, convective-scale NWP for Singapore and the surrounding Southeast Asia region. This project builds on the latest version of the UK Met Office Unified Model HadGEM3-RA, incorporating data assimilation and ensemble forecasting techniques.
6.2.2 Planned Research Activities in Nowcasting


Current existing capabilities provide qualitative forecast of rain for the next 3 hour. Under a new nowcasting project, new forecasting and assessment techniques will be developed to provide continuous forecasting of quantified rainfall amount for local areas within Singapore. This will be done through the assimilation of real-time observation data into mesoscale model WRF and Unified Model HadGEM3-RA.
6.2.3 Planned Research Activities in Long-range Forecasting

 MSS is working with the UK Met Office on seasonal forecasting for Southeast Asia to assess the performance of forecasts in the region.  Initial research has shown good skill in some parts of the region, primarily related to ENSO forcing of local climate variability.  As described above, MSS will consider the implementation of UK Met Office seasonal forecast system in the future.
7. 
References

Information for WRF can be found at http://www.wrf-model.org.
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