JOINT WMO TECHNICAL PROGRESS REPORT ON THE GLOBAL DATA PROCESSING AND FORECASTING SYSTEM AND NUMERICAL WEATHER PREDICTION RESEARCH ACTIVITIES FOR “[2008]”

[Malaysia/Malaysian Meteorological Department]

1.
Summary of highlights

Major hardware and software updates were done in regard to operational numerical weather modelling activities in the Malaysian Meteorological Department (MMD) in 2008. Two new SGI ALTIX 4700 machines were procured to run the Weather Research and Forecasting (WRF) and the fifth generation Pennsylvania State University (PSU) / National Center for Atmospheric Research (NCAR) Mesoscale Model (MM5) numerical weather prediction models.

2.
Equipment in use

At present the High Performance Computing Numerical Weather Modelling facility at the MMD consists of two high performance computing systems. The older system is a Beowulf architecture based Linux cluster. The two new ones procured in 2008 are the SGI ALTIX 4700 128 (dual core) processor systems.

Hardware and Software details for the Linux based High Performance Computing Cluster are given below.

· Two units of single core Dual Processor Transport GX28 Head Management servers

· Nine units of single core Quad Processor Transport TX48 Compute Node servers

· 2.2GHz AMD Opteron processors are used.

· Two units of High Capacity Storage (2.4TB and 8TB) with raid 6 configuration

· Gigabit Ethernet Interconnect is used between the servers
· Numerical Weather Model Implemented is the Fifth Generation NCAR / Penn State Mesoscale Model 5 (MM5)
· SGI MPT is the message passing interface tool used
· Operating system used is the ROCKS clustering system
· Sun Grid Engine is the job control system used
· Portland Group (PGI) Fortran 90 and C++ compilers are used
· Grads is the graphical post processing software used
Hardware and software details for each SGI ALTIX 4700 Shared Memory High Performance Computing System used are as given below. 

· 128 Intel Itanium 2 Dual Core Series 9000 processors per system (1.43 TFlops)
· 64 blades with two processors each

· 16GB DDR2-400 ECC RAM per blade

· SGI Numalink Interconnect is used between the blades

· The Weather Research and Forecasting (WRF) and MM5 models are the numerical weather prediction models implemented on both SGI systems separately

· Direct attached Data Storage Systems (19.2TB) with raid6 configuration (64 300GB Fiber Channel attached hard disks)

· SGI MPT is the message passing interface tool used

· Operating System used is Suse Linux 10.3

· PBS Pro is the job scheduler
· Intel Fortran and C++ are the compilers used

· Grads is the graphical post processing software used

3.
Data and Products from GTS in use

· SYNOP

· SHIP

· METAR

· SATOB

· SOUND

4.
Forecasting system

4.1
System run schedule and forecast ranges

Run schedule consists of twice a day model runs at 00UTC and 12UTC. Forecast ranges are hourly, 3 hourly, 6 hourly, 12 hourly and 24 hourly up to a period of 72 hours.

4.2
Medium range forecasting system (4-10 days)

Medium and extended range forecasting are mainly done using available global models (ECMWF, JMA, UKMET, FNMOC WXMAP and KMA) combined with climatological resources.

4.3
Short-range forecasting system (0-72 hours)

4.3.1
Data assimilation, objective analysis and initialization 

4.3.1.1  Operational

· Method of Analysis:
3D-VAR

· Analyzed Variable:
wind, temperature, relative humidity and pressure

· Vertical Levels:
1000hPa, 850ha, 700hPa, 500hPa, 400hPa, 300hPa, 250hPa, 200hPa

4.3.2
Model

4.3.2.1
Operational MM5

· Independent Variables: Horizontal Wind, Pressure, Temperature, Relative Humidity and Geopotential Height

· Horizontal Resolution: Domain sizes for the larger and medium domain are 36km and 12km respectively. The resolution for the finer two domains nested in the medium domain is 4km. Number of grid points for the larger and medium domain are 154 by 154 and 220 by 130 respectively. The number of grid points in the finer two domains is 169 by 169 and 298 by 196. 23 vertical levels are used.

· Time step: 108 seconds
· Radiation: Accounts for long wave and short wave interactions with explicit cloud and clear air

· Atmospheric Moisture: Predicts cloud and rainwater fields explicitly. Ice phase processes also considered.

· Cumulus Parameterization: The basis for the largest domain is moisture convergence, tending to produce more convective precipitation compared to resolved scale precipitation and moistening dependent on relative humidity. The basis for the medium domain is rate of destabilization or quasi-equilibrium, single-cloud scheme with updraft and downdraft fluxes, tends to allow a balance between resolved scale precipitation and convective precipitation and considers shear effects on precipitation. Basis for the smallest domain is a cloud-mixing scheme to determine the entrainment/detrainment properties, prediction of updraft and downdraft, consideration of shear effects on precipitation and inclusion of shallow convection.
4.3.2.2 Operational WRF 

· Independent Variables: Horizontal Wind, Pressure, Temperature, Relative Humidity and Geopotential Height
· Horizontal Resolution: The resolution for the finer two domains nested in the medium domain is 4km. Number of grid points for the larger and medium domain is 154 by 154 and 220 by 130 respectively. The number of grid points in the finer two domains is 169 by 169 and 298 by 196. 27 vertical levels are used.
· Time step: 180 seconds
· Radiation: Multiple bands, trace gases and microphysics particles considered for long wave radiation. Cloudy and clear sky absorption and scattering considered for short wave radiation. For the finer domains (4 km) sloping and shadowing effects maybe considered.
· Atmospheric Moisture: Predicts cloud and rainwater fields explicitly. Ice phase processes and suitability for mesoscale grid sizes considered.
· Cumulus Parameterization: A column moist adjustment scheme relaxed towards a well-mixed thermodynamic profile is used for the larger domain. The basis for the medium domain is to allow a balance between resolved scale precipitation and convective precipitation. Basis for the smallest domain is a cloud-mixing scheme to determine the entrainment/detrainment properties, prediction of updraft and downdraft, consideration of shear effects on precipitation and inclusion of shallow convection.
4.3.2.2 
Research performed in this field

· Testing of different cumulus parameterization schemes in regard to suitability for severe weather events with emphasis on convective processes, which is predominant in the Tropics.

4.3.3 Operationally available NWP products
· Temperature: 2m, 1000hPa, 850hPa, 700hPa, 500hPa, 200hPa

· Wind: 10m, 1000hPa, 850hPa, 700hPa, 500hPa, 200hPa

· Mean Sea Level Pressure

· Vorticity: 1000hPa, 850hPa, 700hPa, 500hPa, 200hPa

· Relative Vorticity: 1000hPa, 850hPa, 700hPa, 500hPa, 200hPa

· Geopotential Height

· Precipitation
4.3.4
Operational techniques for application of NWP products

4.3.4.1 Operational

· Short-range forecasts from the Main Forecast Office and Regional Forecast Office are based upon operational model output together with output of other global models.

5.
Verification of prognostic products

· Objective verification of temperature and wind vectors for the standard levels of 850hPa, 700hPa, 500hPa and 200hPa has been carried out. The monthly mean and standard deviation of Root Mean Square Error (RMSE) values obtained for a period of 3 months (October, November and December) in 2007 are given in the tables below. Wind field and temperature units are in m/s and ºC respectively.

Table 1: Monthly Mean and Standard Deviation (SD) of Forecast Root Mean Square Error for U Wind Fields for October 2007

	Forecast
	850hPa
	700hPa
	500hPa
	200hPa

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	24hr
	2.59
	0.44
	2.58
	0.46
	2.59
	0.57
	4.09
	0.64

	48hr
	3.04
	0.42
	3.16
	0.36
	3.20
	0.60
	5.02
	0.71

	72hr
	3.38
	0.45
	3.72
	0.45
	3.83
	0.57
	5.47
	0.76


Table 2: Monthly Mean and Standard Deviation (SD) of Forecast Root Mean Square Error for U Wind Fields for November 2007

	Forecast
	850hPa
	700hPa
	500hPa
	200hPa

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	24hr
	2.71
	0.33
	2.39
	0.22
	2.43
	0.22
	3.84
	0.26

	48hr
	3.31
	0.42
	3.16
	0.27
	3.05
	0.38
	4.50
	0.01

	72hr
	3.85
	0.60
	3.69
	0.44
	3.86
	0.79
	5.19
	1.20


Table 3: Monthly Mean and Standard Deviation (SD) of Forecast Root Mean Square Error for U Wind Fields for December 2007
	Forecast
	850hPa
	700hPa
	500hPa
	200hPa

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	24hr
	2.81
	0.26
	2.64
	0.24
	2.76
	0.39
	4.24
	0.75

	48hr
	3.28
	0.33
	3.32
	0.34
	3.43
	0.68
	4.99
	0.86

	72hr
	3.74
	0.40
	3.85
	0.49
	3.80
	0.79
	4.96
	0.75


Table 4: Monthly Mean and Standard Deviation (SD) of Forecast Root Mean Square Error for V Wind Fields for October 2007
	Forecast
	850hPa
	700hPa
	500hPa
	200hPa

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	24hr
	2.36
	0.39
	2.32
	0.44
	2.36
	0.44
	3.88
	0.51

	48hr
	2.86
	0.45
	2.77
	0.41
	2.96
	0.47
	4.16
	0.43

	72hr
	3.25
	0.56
	3.24
	0.51
	3.31
	0.58
	4.67
	0.57


Table 5: Monthly Mean and Standard Deviation (SD) of Forecast Root Mean Square Error for V Wind Fields for November 2007
	Forecast
	850hPa
	700hPa
	500hPa
	200hPa

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	24hr
	2.51
	0.28
	2.35
	0.20
	2.34
	0.19
	3.74
	0.04

	48hr
	3.19
	0.57
	2.95
	0.44
	2.82
	0.31
	4.32
	0.24

	72hr
	3.72
	0.65
	3.51
	0.53
	3.42
	0.68
	4.73
	0.67


Table 6: Monthly Mean and Standard Deviation (SD) of Forecast Root Mean Square Error for V Wind Fields for December 2007

	Forecast
	850hPa
	700hPa
	500hPa
	200hPa

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	24hr
	2.49
	0.24
	2.47
	0.20
	2.64
	0.41
	4.00
	0.38

	48hr
	3.14
	0.38
	3.06
	0.40
	2.85
	0.47
	4.06
	0.47

	72hr
	3.42
	0.57
	3.21
	0.54
	3.10
	0.43
	4.21
	0.59


Table 7: Monthly Mean and Standard Deviation (SD) of Forecast Root Mean Square Error for Temperature Fields for October 2007

	Forecast
	850hPa
	700hPa
	500hPa
	200hPa

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	24hr
	1.41
	0.17
	0.88
	0.11
	0.66
	0.10
	0.96
	0.19

	48hr
	1.79
	0.18
	1.05
	0.15
	0.71
	0.12
	0.92
	0.18

	72hr
	1.97
	0.16
	1.16
	0.15
	0.78
	0.14
	0.88
	0.19


Table 8: Monthly Mean and Standard Deviation (SD) of Forecast Root Mean Square Error for Temperature Fields for November 2007

	Forecast
	850hPa
	700hPa
	500hPa
	200hPa

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	24hr
	1.42
	0.12
	0.84
	0.08
	0.63
	0.06
	0.93
	0.15

	48hr
	1.80
	0.11
	1.05
	0.10
	0.71
	0.05
	0.91
	0.13

	72hr
	2.06
	0.15
	1.23
	0.13
	0.86
	0.22
	0.86
	0.18


Table 9: Monthly Mean and Standard Deviation (SD) of Forecast Root Mean Square Error for Temperature Fields for December 2007

	Forecast
	850hPa
	700hPa
	500hPa 
	200hPa

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	24hr
	1.52
	0.12
	1.00
	0.11
	0.74
	0.09
	1.23
	0.24

	48hr
	1.93
	0.14
	1.22
	0.15
	0.77
	0.13
	1.14
	0.19

	72hr
	2.10
	0.21
	1.31
	0.19
	0.83
	0.15
	1.04
	0.18


6.
Plans for the future
6.1
Development of the GDPFS

6.1.1
Major changes in the Operational DPFS, which are expected in the next year

· Implementation of 3DVAR based data assimilation for the WRF model

6.1.2   Major changes in the Operational DPFS which are envisaged within the next 4 years
· Increasing the finest resolution of both the systems above to 1km.

· Extension of the forecast period from 3 days to 5 days.

· Using 4DVAR to do data assimilation

· Implementation of Typhoon Bogussing procedures in WRF base upon 4DVAR data assimilation
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