JOINT WMO TECHNICAL PROGRESS REPORT ON THE GLOBAL DATA PROCESSING AND FORECASTING SYSTEM AND NUMERICAL WEATHER PREDICTION RESEARCH ACTIVITIES FOR 2008
Sultanate of Oman, Directorate General of Meteorology and Air Navigation
1.
Summary of highlights
Oman National Weather Service, located in Muscat, is part of the Directorate General of Meteorology and Air Navigation (DGMAN) under the Ministry of Transportation and Telecommunications. 

Oman National Weather Service is operationally running an Atmospheric High Resolution Model (HRM), called Oman Regional Model (ORM) since October 1999. The model was obtained from the Deutscher Wetterdienst (DWD) of the Federal Republic of Germany. The German global model GME is used to provide necessary initial and lateral boundary conditions for ORM. DGMAN is also running a regional wave model called WAM, which was obtained from GKSS of Germany. One other wave model (called SWAN) is also running at the department. Under the scientific evaluation cooperation between Oman National weather Service and the German Weather Service (DWD), Oman started running COSMO model since April 2008. COSMO is a non-hydrostatic model. Oman aims to improve the forecast of local summer rain activities using COSMO model.  

2.
Equipment in use
Current processing capabilities consist of a PC Cluster of 20 nodes with total of 40 processors. Dual AMD Opteron 3.0 is used for each node. All nodes are connected via very fast Interconnection network using 24 Infiniband switch with guarantees 3Gbps full duplex.  

The main data storage system consists of Dell PowerAdge 2600 with 2 Tbytes. Some of the data are stored using Mysql database and others are stored in file structure storage.

The following table shows the configuration of the PC Cluster

	Processor

	Number of Nodes
	20

	Number of processors
	40, AMD,  3.2 MHz

	Node Interconnect
	Infiniband Switch 

	Main Memory

	Main Memory
	2GB for each processor 

	Software

	Operating system
	Scientific Linux 4.0 

	      Languages
	C, C++,  FORTRAN 

· PGI compilers

· Non-Commercial Intel Compilers 


3.
Data and Products from GTS in use
· Global Numerical Weather Prediction NWP products are received via Internet, GTS, DWD Sat. We receive products from MDD, ECMWF, UK met office and German Weather Service DWD. 

· All the meteorological stations operated by the Meteorological Department are connected to the MSS computer located at the Central Forecasting Office at Muscat International Airport by a reliable dial-up telephone link (Telephone lines and GSM Network). 

· The MSS is connected to the RTH Jeddah by a dedicated link at 64 kbps based on TCP/IP protocol.

· In addition a 2 mbs Internet leased line has been established as well as for transmitting and receiving meteorological data with different meteorological centres as New Delhi and Abu Dhabi. 

· A bilateral Internet Circuit, which was established between these centers and Muscat for the exchange of meteorological data, has proved to be very effective, useful and most stable.

· Beside that this connection is used to receive the initial and boundary condition data initiated from the German weather service global model to be used for the local limited area model. This connection have in it’s structure different servers as ftp server which is used for serving different users with special meteorological data. All these servers are protected by a firewall.

· The Department installed Second Generation Satellite ground receiving station and the ground-receiving stations for intercepting the geostationary satellites operated by EUMETSAT. Also meteorological data are being received through Satellite distribution (SADIS) receiver. Moreover High Resolution images from Polar Orbiting satellites operated by NOAA as well as images from Chinese satellite are received operationally.

4.
Forecasting system
4.1
System run schedule and forecast ranges
The operation suite runs two times a day, at 00 and 12 UTC. An hourly output is generated for 78houre. The system generates output on Grib1 format and then it distributes the output to the visualization system and the website. The flowing figure shows dataflow of the operational model.
[image: image1.jpg]Typical Dataflow Diagram for Operational HRM data from DWD to
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4.2
Short-range forecasting system (0-72 hrs)
4.2.1
Data assimilation, objective analysis and initialization
4.2.1.1
In operation: Currently, no data assimilation system is implemented. The models are initialized using the German Global Model GME. 
4.2.2
Model

High Resolution Model HRM is Hydrostatic limited-area numerical weather prediction model for meso-α and meso-β. Main prognostic variables are: Surface pressure (ps), Temperature (T), Water vapour (qv) Cloud water (qc), Cloud ice (qi), Ozone (optional), Horizontal wind (u, v) and Several surface/soil parameters. More details are available on the model website (http://www.met.gov.om/hrm/index.php ).    

DGMAN runs HRM with two model resolutions:

ORM_28: 28x28 km resolution. It covers the area between 30.0 E, 7.0 N (lower left corner) to 78.0E, 35.25 N (Upper right corner) with mesh size of 0.25 degree. There are 193x114 grid points and 40 vertical layers. The model is running on 20 nodes from the PC Cluster. It produces up to 78-h forecast at 00 and 12 UTC. The following figure shows the domain area.

[image: image2.jpg]



ORM_07: 7x7 km resolution. It covers the area between 48.5.0 E, 14.0 N (lower left corner) to 63.5E, 29.0 N (Upper right corner) with mesh size of 0.0625 degree. There are 241x241 grid points and 40 vertical layers. The model is running on 20 nodes from the PC Cluster. It produces up to 78-h forecast at 00 and 12 UTC. The following figure shows the domain area.
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4.2.2.2
Research performed in this field
· Consortium for Small-scale Modeling COSMO is a non-Hydrostatic limited-area numerical weather prediction model for meso-α and meso-β. Main prognostic variables are: pressure perturbation  (p‘), Temperature (T), specific humidity (qv) Cloud water (qc), Cloud ice (qi), Horizontal/virtical wind (u, v) and Several surface/soil parameters. More details are available on the model website (http://cosmo-model.cscs.ch )

DGMAN run a research evaluation version of COSMO model with kind cooperation with DWD. It runs on 7x7 km covers the same domain of ORM_07. COSMO was introduced to enhance the accuracy of predicting local rainfall over Hajar Mountains and adjoining area during summer and to compare the forecast with the forecast of ORM_07.

4.2.3
Operationally available NWP products
For Model Levels:  T_G, W_SNOW, QV_S, T_2M, TD_2M, TMIN_2M  , TMAX_2M  ,  U_10M, V_10M    ,    

                                 CLCH, CLCM, CLCL,CLCT, ASOB_S, ATHB_S, ASOB_T, ATHB_T,            
                                SNOW_GSP , SNOW_CON , AUMFL_S  , AVMFL_S  , ASHFL_S  ,

                                ALHFL_S , PS  , Z0  , FIS , FR_LAND, T , QV  , QC, U, V , T_S,W_I,RAIN_GSP ,  
                               RAIN_CON , HTOP_DC, HBAS_CON , HTOP_CON , VMAX_10M , CLCT_MOD , 
                              CLDEPTH, HZEROCL  , CLC , FI , CAPE_ML , CIN_ML
For Pressure Levels: T , FI , U ,  V , PS , RELHUM  , OMEGA   , TD, 

       Available Levels: 1000, 950,900,850,800,750,700,650,600,550,500,400,300,
                                   250,200,150,100,70,50 hpa                   
4.2.4    Operational techniques for application of NWP products
4.2.4.1
In operation
The Department successfully established a MOS based on ORM_28. MOS output is generated with each Model run. MOS is an approach to incorporate NWP forecasts information into statistical weather forecast. After installing MOS we noted improvement in Temperature and wind forecast. In addition we were able to get a probability forecast for thunderstorms and fog.

4.2.4.2
Research performed in this field

One of the Department stuff is currently working on his Msc project at the Sultan Qaboos university to develop non-leaner regression method for improving the 2m Air temperature.
4.3
Specialized numerical predictions 

· WAM based wave model was established with the kind cooperation of GKSS of Germany, which covers the Arabian Sea, gulf of Oman  and Arabian gulf. WAM model run of 28km resolution and it runs on a single processor on the PC cluster.

· Swan Wave model for sallow water and at higher resolution.

· Tsunami Model for the Gulf of Oman and India Ocean: Comit Model from IOC is used to develop some hypothetical experiments to simulate tsunami waves propagation and indentation.

4.3.1.2
Research performed in this field

The current output generated by Swan model is on Ascii format. Currently we are working to convert the output to Grib1 format. Moreover we also try to run Swan model with boundry condition based on WAM model.
5.
Verification of prognostic products
5.1 verification summary: The latest verification results shows an improvement of the 2m Air temperature forecast after the introduction of the new diagnoses method introduced on HRM model version 2.4. currently we are verifying the new improvement introduced on the HRM_2.5, which is the sub-grid scale orography.   The figure bellow shows an example of one meteograph for a station where we can see that the new model version (red) is much closer to the observations (green) than the old model version (blue)
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5.2
Research performed in this field

The Department managed successfully to develop its own verification package which was led by Sultan Al Yahyai (Chief of NWP Section). The developed system verifies the continuous weather parameters such as T_2m, TD_2m and for the categorical weather parameters such as Total precipitation. The system generates different statistical scores such as Hit rate with a margin of error, Bias, Root Mean Squared Error (RMSE). The package provides a friendly UGI to allow the user to select different choices (Model type, stations list, observation time, weather element and statistical score) to be verified. This system will help find the systematic errors in the Model output, which can be tuned. The figure bellow shows the main GUI of the system.

The package is being in several countries such as UAE, Brazil, Jordan, Malaysia, Hungary, Vietnam, Iran, University of Berlin, Kenya and Madagascar. A copy of the package can be requested through Oman's P.R.
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6.
Plans for the future (next 4 years)
6.1
Development of the GDPFS
6.1.1   MACROBUTTON  AcceptAllChangesShown "[major changes in the Operational DPFS which are expected in the next  year]" 
· WRF Model installation and testing

· Increase the resolution of COSMO model to 3km

· Increase the domain of HRM 7km to cover the current HRM 28km resolution

6.1.2   MACROBUTTON  AcceptAllChangesShown "[major changes in the Operational DPFS which are envisaged within the next 4 years]" 
· Introduction of 3DVAR data assimilation system

· Experimenting Short range ensemble forecast system
6.2. Planned Research Activities in NWP

We plan to increase the computational power of our PC-Cluster up to 576threads on the second half of the year.  Moreover an increase of the current stuff number on the section is also planned. On the application side we plan to introduce WRM model at 7km resolution and to increase the resolution of COSMO model to 3km over the country. On the over hand a 3DVAR system is also planned along with the new PC-Cluster.
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