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Summary and purpose of document

This document contains an abstract of the proposals made by the ICT/DPFS at the last meeting concerning several aspects of Global Data Processing and Forecasting System, and the working group proposals to improve the NWP system in the RA I and in particular the forecasts of severe weather.
Action Proposed  

The meeting is invited to note the information in this report to finalize appropriate recommendations to the next session of RA I.  
Annex: VERIFICATION OF ALADIN/ALGERIA MODEL FOR 2009 Year
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REGIONAL PERSPECTIVES ON NWP/EPS SYSTEMS, PRODUCTS AND INFRASTRUCTURE

Regional Association I

1. DISCUSSION 

The meeting is invited to take into account the main proposals of the Working Group (WG) for the World Weather Watch in the Regional Association I, to improve the use of NWP products in Africa.  
The WWW/WG has proposed the creation of an independent Working Group on the development of NWP in Africa and defined its terms of reference, as follow: 

1.
Review the African strategy for NWP to increase the availability and the use of NWP Products in RA I;

2.
Develop a diagnosis of the current situation of the NWP in the RA I; 

3.
Identify models that are used in the RA I and on what areas they turn; 

4.
Update requirements: 

- Human resources; 

- Computing power;

- Telecommunication (hotlines, Internet, satellite ...);

- Initial and boundary conditions;

5.
Advise countries that are ready to implement a limited area model (LAM);

6.
Exchanges on technical control and post-processing in RA I;

7.
Trade on the techniques of parameterization in RA I;

8.
Investigate and advise on: 

- Data assimilation;

- Ensemble prediction System (EPS);

- Interface with the WAM model (waves, swell …).

Finally the Working Group proposed the designation of "focal point" by the NMH’s services to be in constant contact by e-mail with the rapporteurs of the various disciplines to improve the information flow and facilitate actions to solve problems affecting the implementation and operational capability of the WWW in the Region.
2. Development of tools for decision support
Implementing WWTP-THORPEX Africa 
The research project THORPEX (THe Observing System Research and Predictability Experiment), which is an experience in research on systems for monitoring and predictability, is an integrated research project of the GARP/ WMO (Global Atmosphere Research Program) and is a vital component of the program in disaster prevention and mitigation. 
This project was approved in 2003 by the 14th Congress of WMO, under the auspices of the Commission of Atmospheric Sciences (CAS) of WMO as an international research and development which will last ten years.

The main goal of THORPEX is to extend to fourteen (14) days validity, the weather forecasts useful to decision makers in using probabilistic techniques of ensemble prediction and also improve the accuracy and timeliness of weather advisories and submit the form directly usable as tools for decision support.

The various natural disasters in recent decades (drought, locusts, floods,...), and their impact on populations, have shown how the African continent is vulnerable to extreme conditions. 

The THORPEX-Africa program will focus on creating forecasting systems incorporating the full string system of numerical weather prediction.

In this regard, THORPEX-Africa has to:

•
Improve the quality of the forecasts by a research support at the African and the international levels and increased activity of forecasting in Africa. This requires the development of research capacity in Africa, improved weather basic system (observation, dissemination, management and processing) and the generalization of the use of numerical weather prediction (NWP).

•
Improving the capacity of the African NMHs in communications, relations with the users and services.

•
Improving and promoting weather information from government, NGOs and communities themselves. What is expected is the integration of  weather information in decision making.

•
Improving and adapting the response time to an alert in order to mitigate its effects. This requires the involvement of the government, the local and international organizations.

These objectives are costly and must take into account the limited resources of Africa. However, the economic and social impacts of the project justify the establishment of optimal forecasting systems. 

THORPEX- Africa Regional Committee

Following approval by WMO for the establishment of THORPEX-Africa project, a steering committee was established. The latter, held its first workshop in Trieste (Italy) from 05 to 08 October 2009.This committee is responsible for defining and evaluating the specific uses of EPS (Ensemble Prediction System) and TIGGE (THORPEX Interactive Grand Global Ensemble) products in the African context. That's, why experts from Météo France, the ECMWF, NCEP, AMMA project, UK and Italy have been invited to this workshop.
It should be noted that fourteen African countries took part in the workshop, less than half of African countries. However, for this first workshop, we can consider that it was a success.
3.
Severe Weather

3.1
Introduction

According to the World Meteorological Organization about 80% of natural disasters worldwide are attributable to weather. These disasters include floods, droughts, storms, severe storms and extreme temperatures. Therefore, the national meteorological services have to contribute to all stages of managing disaster risk.

Improved early warning of hazardous weather is a high priority for all the meteorological services. This implies the strengthening of technical capacities to anticipate threats and to issue warnings to vulnerable communities. It also involves the development of effective systems of dissemination of forecasts and warnings to communities in an understanding way, in order to have enough time to react.
3.2
Meeting on the Demonstration Project severe weather-ARI-Maputo Mozambique, February 27-March 2, 2007 

The Severe Weather Forecasting Demonstration Project (SWFDP) was organized as potentially a series of regional subprojects to explore and test the usefulness of the products currently available from NWP Centres, or products which could be readily made available from current NWP models of global and regional meteorological centres, with the goal to improving severe weather forecasting services in countries where sophisticated model outputs are not currently used. The principal focus of the project is on the phenomena of heavy precipitation that could cause serious flooding, and strong destructive winds.

According to the recommendations of the CBS-XIII, the goals of the SWFDP were defined by SWFDP Steering Group as follows to:

· improve the ability of NMHSs to forecast severe weather events;

· improve the lead time of alerting of these events;

· improve interaction of NMHSs with Disaster Management and Civil Protection Authorities (DMCPAs) before and during events;

· identify gaps and areas for improvements;

· improve the skill of products from Global Data-Processing and Forecasting System (GDPFS) Centres through feedback from NMHSs.

At the kind invitation of the Government of Mozambique, the meeting was held at the National Institute of Meteorology of Mozambique. The meeting was chaired by the President of the Regional Management Team sub-project, Mr. Mnikeli Ndabambi (South Africa). The participating centres are: Botswana, Madagascar, Mozambique, Tanzania and Zimbabwe 

In summary, the participants focused on: 

•
Achieving adequate system for access via Internet to the NWP products from the NMHSs;

•
Achieving a level of competence sufficient for optimal use of the NWP products, from the NMHSs; 

•
Establishment of systems for short-term forecasting of heavy rain associated with strong winds, which are sometimes linked to local scale, but causes strong  damage, while such phenomena are not forecasted by global models;

•
Achieving an adequate level of operational communication between the participating centres;

•
Have a systematic feedback from NMHSs, both in real time and after the occurrence of observed severe weather. This will assess the overall success of the project against its objectives.
3.3
SWFDP - West Africa

Senegal Meteorological Agency (ANAMS, French acronym, former DMN) is willing to support the proposal of establishing a Regional Specialized Meteorological Centre (RSMC) at Dakar to support the SWFDP project to improve forecasting and warning services in West Africa sub-region, which includes Senegal, Burkina Faso, Gambia, Guinea, Mali, Mauritania, and Niger. 
In the perspective of developing a SWFDP in West Africa with Dakar as the regional Centre, the strategy proposed in terms of model products is to have a routine access to all needed model outputs from some global centres. Dedicated diagnostics will be automatically derived and made available to participating countries. The programs developed to derive diagnostics from the local LAMs will be updated for the global model outputs that will be received at Dakar RSMC in the framework of the SWFDP.  Other products developed in centres such as NCEP/CPC/ African Desk in support to the SWFDP and at ACMAD (located in Niger) in the framework of the African Monsoon Multidisciplinary Analyses programme will be also used. Then Dakar Centre will put more emphasis in post-treating model outputs, deriving more diagnostics, disseminating and evaluating products. Training will be needed for “new” products such as Ensemble prediction Systems products.

3.4
SWFDP In Southern Africa

Usefulness of SWFDP NWP/EPS Products and high resolution limited area models

The usefulness of NWP model products that are available through the SWFDP RSMC web site and portal shows the high degree of satisfaction expressed by the NMHSs.  Forecasters appreciate to be able to access large-scale medium-range deterministic and probabilistic forecasts given by the Global Centres, high-resolution refinements and details in the model fields given by the limited area models and the chronological evolution of the model parameters through the EPSgrams in longer lead-times.

In many NMHS, forecasters are now accustomed to work with outputs from different models, which enable them to evaluate in a qualitative way the extent of the spread of the predicted solutions through a subjective “poor-man’s” ensemble forecasting approach.  Nevertheless several NMHSs mentioned difficulties practically to access and examine rapidly at multiple Web sites.
Many NMHSs point out the weakness of the present model output to forecast the convective events or to accurately forecast rainfall (or snowfall) amounts.  There is no doubt that forecasting severe convective events accurately remains a challenge.  Thus, there is a need to pursue the training effort to show them how to make the best use of all the available SWFDP guidance products for diagnosing the convective environment, and then to use satellite products for monitoring and “nowcasting” these storms. 

All the participating NMHSs reported a positive impact of daily use of SWFDP products (for both day to day and severe weather event forecasting).  Generally RSMC guidance and model output help increase the skill of the forecasters and boost their confidence.  The improvement of the forecasts results in a real and positive change in the opinion the various users have about the pertinence of the warnings. 

All the NMHSs that experienced severe weather events indicated that SWFDP products allowed them to improve the lead time of providing alerts to these events: several events were detected and tracked 5 days in advance and South Africa mentioned that some references to expected events with lead limes approaching 6 to 7 days were made thanks to EPS-based guidance.

Many NMHS mentioned difficulties to forecast strong winds and heavy precipitation associated with strong convection and stressed that large scale forecasts need to be downscaled to give local values of the parameters: the NWP continues to show difficulty to predict such severe convective events. 

4.
State of RSMC and NMCS on the Numerical Weather Prediction (date of the information is indicated; last update: July/2010)

GM   = Global Model

LAM = Limited Area Model 

Perturbation technique for ensemble prediction systems: SV = Singular Vectors, BGM = Breeding of Growing Modes, LAF = Lagged Average Forecasts, StoP = Stochastic Physics, OP = Observation Perturbations, ETKF = Ensemble Transform Kalman Filter
DETAILED STATUS OF WMO Forecasting Centres RELATIVE TO NUMERICAL MODELS IN RA I
	CENTRE
	STATUS
	MODELS
	Resol.
	Levels
	Range
	Boundary 
	Domain
	Products on: 

	ANtana-

Narivo (2008)
	NMC
	LAM (HRM)
	14 km
	50
	72 h
	GME (DWD)
	7.5-32.5S / 35-60E
	
	

	DAR ES SALAM (2009)
	NMC
	Access to GM and LAM (SWFDP)
	
	
	
	
	
	web
	

	
	
	LAM (WRF)
	5-15 km
	
	48-54 h
	GFS (NCEP)
	
	
	

	
	
	LAM (WRF-BOGUS) – TC track (during TC season)
	10 km
	
	48-72 h
	GFS (NCEP)
	
	
	

	
	
	LAM (HRM)
	14 km
	
	78 h
	GME (DWD)
	
	
	

	GABORONE (2009)
	NMC
	Access to GM and LAM (SWFDP)
	
	
	
	
	
	web
	

	
	
	LAM (WRF)
	15 km
	
	48 h
	GFS (NCEP)
	12-37.5S; 7.5-44E
	
	

	
	
	LAM (HRM)
	12 km
	60
	72 h
	GME (DWD)
	144S-0N; 10W-56E
	
	

	MAPUTO (2007)
	NMC
	LAM (RAMS)
	
	
	
	(from Brazil)
	
	
	

	
	
	LAM (HRM)
	
	
	
	GME (DWD)
	
	
	

	ACMAD (2007)
	Special Centre
	access to GM
	
	
	
	
	
	
	

	HARARE (2007)
	Special Centre
	Draught monitoring
	
	
	
	
	
	
	

	LA REUNION (2008)

 
	Regional Tropical Cyclone Centre (RTCC)
	full access to GM
	
	
	
	
	
	GTS
	SAT

	
	
	full access to LAM (ALADIN)
	9 km
	60
	54 h
	ARPEGE
	Indian Ocean
	
	

	ALGIERS (2009)
	Regional MeteorologialCentre (RMC)
	LAM (ETA-Algérie)
	36 km
	24
	72 h
	GFS (NCEP)
	17-47 N 18W-18E  
	web
	

	
	
	LAM (ALADIN-Algérie)
	12 km
	46
	48 h
	ARPEGE/IFS
	15–48 N; 20W-20E   
	
	

	
	
	Wave Model (WAM)
	12 km
	
	48 h
	
	15–48 N; 20W-20E   
	
	

	
	
	Dust transport
	
	
	
	
	
	
	

	
	
	LAM (WRF-Algérie- non-hydros.)
	20 km
	28
	48 h
	GFS (NCEP)
	
	
	

	CAIRO (2008)
	RMC
	LAM (ETA) non-hydrostatic
	33 km
	36
	120 h
	GFS (NCEP)
	25E - 37E, 22N - 35 N
	
	

	
	
	LAM nested non-hydros. (MM5)
	63/21/7 km
	32
	168 h
	GFS (NCEP)
	
	
	

	
	
	Wave Model
	
	
	120 h
	ETA?
	
	
	

	CASABLANCA (2006)
	RMC
	LAM (ALADIN-NORAF)
	31 km
	37
	72 h
	ARPEGE (France)
	See domain
	GTS
	

	
	
	LAM (ALADIN/ALBACHIR) 3D-VAR
	16 km
	37
	72 h
	ALADIN-NORAF
	Morocco
	
	

	DAKAR (2007)
	RMC
	LAM (ETA)
	22 km
	50
	72 h
	COLA, USA)
	Senegal?
	GTS
	

	
	
	LAM (HRM)
	22 km
	40
	72 h
	GME (DWD)
	Senegal?
	
	

	NAIROBI (2009)
	RMC
	Access to GM 
	
	
	
	
	
	GTS
	

	
	
	LAM (HRM-Kenya)
	14 km
	60
	120 h
	GME (DWD)
	12S-12N; 26-51E
	
	

	
	
	LAM (WRF) – non-hydros.
	
	47
	
	GFS (NCEP)
	
	
	

	PRETORIA (2008)
	RMC and GPC
	LAM (UM) non-hydrostatic
	12 km
	38
	48 h
	GM(UM) UKMO
	Southern Africa
	GTS
	Fax

	
	
	GM (ECHAM) Ens. 12 members  LAF
	T42
	L19
	6 month
	
	
	
	

	TUNIS (2003)
	RMC
	LAM (ALADIN)
	12.5 km
	L41
	48 h
	ARPEGE (France)
	27.41-44.16N/2.07-18.36E
	
	


	GROUPING OF COUNTRIES

	COSMO_LEPS: Germany, Greece, Italia, Poland, Romania, Switzerland
	LAM non-hydrostatic nested in ECMWF EPS model, 16 Ens. members. selected from 102 ECMWF ens. members
	10 km
	32
	120 h
	

	ALADIN library:


	Developed jointly by Météo-France and of: Algeria, Austria, Belgium, Bulgaria, Croatia, Czech Republic, Hungary, Morocco, Poland, Portugal, Romania, Slovakia, Slovenia, Tunisia, Turkey
	
	
	
	

	HRM of DWD used by:. 
	Armenia, Bosnia-Herzegovina, Botswana, Brazil-INMET, Brazil-Navy, Bulgaria, Georgia, Iran, Israel, Italy, Indonesia, Jordan, Kenya, Libya, Malaysia, Madagascar, Mozambique, Oman, Pakistan, Philippines, Romania, Spain, Tanzania, United Arab Emirates and Vietnam
	7 to 30 km
	25 to 40
	
	GME (DWD)

	Consortium for Small Scale Modeling (COSMO) 
	Germany, Greece, Italy, Poland, Switzerland, Romania and Russian Federation
	
	
	
	


COMPUTERS USED FOR DATA PROCESSING AT RSMCs AND NMCs IN RA I

	CENTRE
	MAINFRAME (number cruncher)
	SECONDARY COMPUTER(S)
	WORK STATIONS

	ANTANANARIVO
	
	Serveur quad core, PC dual core
	PCs

	ACMAD
	
	INTEL based servers (AMEDIS system) – SUN SPARC
	PCs

	DAR-ES-SALAAM
	
	3 Linux PC cluster
	

	GABARONE
	
	24 nodes Linux PC cluster
	

	HARARE
	
	
	IBM PSs - PCs

	ALGIERS
	
	30 Pentium IV 
	PCs 

	CAIRO
	IBM S/390 80 Mips
	2 IBM X345
	12 IBM PC 300 GL, 18 PC Pentium

	CASABLANCA
	IBM RS 6000 SP 12 nodes
	SUNSPARK 1000
	SGI - 3 DEC ALPHA - MOTOROLA

	DAKAR
	
	
	PCs

	MAPUTO
	
	HP wx 9300, Dell Precision 470n
	

	NAIROBI
	
	PCs Pentium III, VAX3900 – VAX 11/750, Linux PC server 2 processors 1GHz 1 GB RAM
	SGI – PCs

	LA REUNION
	
	
	Work Stations

	PRETORIA
	NEC SX8
	2 SGI Origin 200, 2 SGI Indigo –- SUN Enterprise 3000
	PCs

	TUNIS
	Super calculator
	2 DELL Xeon, HP715/80, HP 755/80
	


5.
Conclusion 
In conclusion, it should be noted that the forecasting system and data processing are relatively well advanced in Africa during the last decennia, this is due to the efforts made by countries of the RA I in the field of high-level training especially in digital modeling and also the acquisition of appropriate platforms for run of limited area models. Thus, it is past from the use of the products in grid point to the run of limited area models on specific areas. Some countries have even come to implement on their computer the whole chain of NWP, from data collection to the control of the models outputs via data assimilation and data quality control. 
Furthermore, it is noted that WMO with the support of some major forecasting centers and ACMAD have put the necessary resources, especially in terms of skilled human resources by initiating and implementing projects as THORPEX-Africa, the demonstration projects on severe weather, MEDEX (Mediterranean Experiment on Cyclones that produce High Impact Weather in the Mediterranean). Algeria participated in a measurement campaign by adding radio-soundings of 06h00 and 18h00z from September 21 to December 20, 2009. This project is designed to contribute to a better understanding and forecasting short-term weather events with high impact in the Mediterranean region, such as heavy rain and strong winds. Because of the alleged close relationship between severe weather and cyclones, MEDEX will focus on the Mediterranean cyclones that produce severe weather. 
Currently more than thirteen countries have implemented limited area models on different platforms and the number of users of NWP products is more and more important. This, demonstrates the effectiveness of measures taken by WMO in guidance and training against the countries of RA I, especially the ones who have expressed interest to arise the weather forecasting as a tool of decision making in short, medium and long term.
Besides, the use of the SWFDP conceptual model would improve weather forecasting skill including marine weather services. 
The main difficulties in the forecasting system are to forecast strong winds and heavy precipitation associated with strong convection. The occurrence of such events can be anticipated by using nowcasting techniques based on real-time frequently updated satellite products, radar images and very high resolution NWP products. 
In this way, the priorities of the ALADIN Consortium in the 2010-2017 period, in the frame of very high resolution modelling, are as follow:
· improvement of the representation of clouds, precipitation and the low level atmosphere at all horizontal resolutions;
· improvement of numerical and physical components necessary to improve deterministic and probabilistic storm forecasts;

· the representation of convection in the 3-9km resolution range, which is a key item for the 5-km model configuration, and a strategic item for future global model resolution increases;

· introduction of the representation of new key processes, and of their interaction with dedicated models: dust, aerosols, chemistry, hail, lakes, ice, ocean waves, marine boundary layer, surface radiative properties, simplified physics for ensemble forecasting and 4D-Var, processes for modelling at sub kilometric resolutions (fine-scale turbulence, 3D radiation, slope effects).
ANNEX
VERIFICATION OF ALADIN/ALGERIA MODEL FOR 2009 Year

  .24H verification statistics

  .Model : ALADIN/ALGERIE

	
	 Jan

 2009
	 Feb

 2009
	 Mar

 2009
	 Apr

 2009
	 May

 2009
	 Jun

 2009
	 Nov

 2009
	 Dec

 2009

	              RMSE

MSLP          BIAS

              MAE

              AC       
	 0.95

 0.39

 0.74

 0.9835
	0.93

0.72

0.83

0.9510
	0.96

0.68

0.80

0.9735
	 0.83

 0.60

 0.69

 0.9718
	 0.77

 0.51

 0.63

 0.9579
	 0.76

 0.50

 0.63

 0.9462
	2.01

0.68

0.97

0.912
	 0.77

 0.21

 0.61

 0.9882

	              RMSE

Temperature   BIAS

 at 850 hPa   MAE
	 0.72

-0.10

 0.54
	 0.68

 0.09

 0.54
	 0.91

-0.17 

 0.67
	 0.71

-0.09

 0.54
	 0.75

-0.10

 0.58
	 0.80

-0.22

 0.62
	2.34

0.36 

1.05
	 0.72

 0.24

 0.57

	Geopotential  RMSE

at 850 hPa    BIAS

              MAE
	 6.84

 2.34

 5.36  
	 6.98

 6.11 

 6.35
	 6.69

 4.79

 5.68
	 5.77

 4.16

 4.81
	 5.29

 3.45

 4.31
	 4.65

 3.00

 3.80
	17.93

 6.82

 8.38
	 6.04

 2.52

 4.81

	Temperature   RMSE

at 500 hPa    BIAS

              MAE
	 0.72

-0.07

 0.53
	 0.57

-0.14 

 0.46
	 0.61

-0.13

 0.47
	 0.65

-0.20

 0.51
	 0.59

-0.23

 0.46
	 0.62

-0.21

 0.49
	 1.46

 0.12

 0.76
	 0.64

-0.09

 0.50

	Geopotential  RMSE

at 500 hPa    BIAS  

              MAE
	 8.82

 1.03

 6.46
	 7.29

 5.66 

 6.36
	 6.98

 1.84

 5.55
	 5.83

 1.44

 4.56
	 4.94

-0.01

 3.97
	 4.59

-0.84

 3.53
	37.62

 9.75

14.14
	 6.59

 2.35

 5.36

	Component     RMSE

of wind (u)   BIAS

at 850 hPa    MAE
	 2.03

 0.11

 1.45
	 1.88

 0.38

 1.40
	 2.49

 0.44

 1.86
	 2.11

 0.30

 1.60
	 2.29

 0.35

 1.73
	 2.56

 0.57

 1.94
	 2.74

-0.02

 1.73
	 6.04

-0.05

 1.55

	Component     RMSE

of wind (v)   BIAS

at 850 hPa    MAE
	 1.97

 0.04

 1.42
	 1.82

-0.09

 1.46 
	 2.51

 0.13

 1.83
	 2.09

 0.03

 1.57
	 2.40

-0.05

 1.77 
	 2.51

 0.09

 1.89
	 2.70

 0.41

 1.05 
	 1.88

 0.01

 1.44


. 48H verification statistics

. Model : ALADIN/ALGERIE

	
	January

 2009
	Febuary

 2009
	 March

 2009
	 April

 2009
	 May

 2009
	 June

 2009
	 Nov

 2009
	 Dec

 2009

	             RMSE

MSLP         BIAS

             MAE

             AC       
	 1.46

 0.41

 1.13

 0.9596
	 1.38

 0.86

 1.16

 0.8784
	1.33

0.90

1.08

0.9414
	 1.16

 0.66

 0.94

 0.9492
	 1.05

 0.50

 0.82

 0.9224
	 0.94

 0.46

 0.75

 0.9307
	2.96

0.95

1.58

0.8267
	 1.38

 0.36

 1.06

 0.951

	             RMSE

Temperature  BIAS

at 850 hPa   MAE
	 1.01

-0.16

  0.77
	 0.99

 0.13

 0.79
	 1.24

-0.32

 0.92
	 1.02 

-0.17

 0.78
	 1.08

-0.18

 0.83
	 1.10

-0.40

 0.86
	 3.14

 0.60

 1.69
	 1.15

 0.35

 0.91

	Geopotential RMSE

at 850 hPa   BIAS

             MAE
	10.72

 2.37

 8.28
	10.28

 7.34

 8.74
	 8.89

 5.73

 7.26
	 7.97

 4.34

 6.33
	 7.50

 2.84

 5.89
	 5.70

 1.73

 4.53
	25.50

 9.84

13.34 
	 10.75

 4.03

 8.35

	Temperature  RMSE

at 500 hPa   BIAS

             MAE
	 1.10

-0.06

 0.80
	 0.85

-0.16

 0.67
	 0.91

-0.26

 0.69
	 0.99

-0.37

 0.76
	 0.90

-0.44

 0.71
	 0.85

-0.40

 0.68
	 1.98

 0.16

 1.17
	 1.04

-0.20

 0.81

	Geopotential RMSE

at 500 hPa   BIAS  

             MAE
	15.41

 1.06

11.72
	12.24

 6.73

 9.99
	11.01

 0.76

 8.48
	10.09

-0.82

 7.61
	 9.31

-2.59

 7.23
	 8.88

-5.08

 7.06
	49.44

14.95

23.56 
	 13.55

 3.15

 10.56

	Component    RMSE

of wind (u)  BIAS

at 850 hPa   MAE
	 2.69

 0.10

 1.98
	 2.70

 0.27

 2.09
	 3.18

 0.37

 2.38
	 2.89

 0.29

 2.17
	 3.02

 0.51

 2.29
	 3.26

 0.75

 2.48
	 3.77

-0.22

 2.52
	 2.95

-0.04

 2.25

	Component    RMSE

of wind (v)  BIAS

at 850 hPa   MAE
	 2.62

-0.02

 1.91
	 2.62

-0.09

 2.01
	 3.13

-0.05

 2.32
	 2.78

-0.08

 2.08
	 3.13

-0.11

 2.34 
	 3.14

 0.11

 2.36
	 3.41

 0.57

 2.32
	 2.65

-0.17

 2.02


