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1.
Summary of highlights
1.1 Developments of operational NWP
A new IBM High Performance Computer (HPC), IBM Flex system Power P460, was put into operation in June 2014. All the operational NWP systems have been moved to this new system since 1 October 2013. The configurations of the T639 global medium-range forecast and T213 global ensemble system are the same as those in 2012. 
A new operational Haze-fog numerical forecast system has been operationally running twice a day in CMA. HAZE-fog forecast system provides forecasts twice per day at 00UTC and 12UTC initial time and 84h forecast time.
The operational GRAPES-MESO was upgraded from V3.0 to V3.3 in June 2013. The pre-operational GRAPES-GFS was upgraded in July 2013.
1.2 Developments of GRAPES
The global data assimilation system at model level has been set up basically, which bears comparative effect with that at standard pressure level, with slightly positive effect in the troposphere. The vertical coordinate of GRAPES global model has been transformed from terrain following to hybrid; Programs of micro physics, boundary layer and convective processes have been basically rewritten from Lorenz to Charney-Phillips vertical stratification; The test of  local nonconventional data assimilation in GRAPES-RAFS has been completed; improving the horizontal resolution and  vertical levels of GRAPES-Meso; adjust the physical process, T2M forecast error has been significantly reduced.
2.
Equipment in use
The total peak performance of IBM Flex System P460 is 1759 TFlops and the total storage capacity is about 6925TB. Three sets of subsystems of this HPC had been installed in Beijing in 2013, in which the peak performance was more than 1PFlops. More details are showed in Table 2.1.

The old IBM Cluster 1600 systems were shut down in October 2013, while the China-made Sunway 4000A has no change. 
Table 2.1. Details of Subsystems of CMA IBM Flex System P460 HPC Systems
	Subsystem
	SS1
	SS2
	SS3
	SS4
	SS5
	SS6
	SS7

	Site
	Beijing
	Guangzhou
	Shenyang
	Shanghai
	Wuhan
	Chengdu

	Peak Performance (TFlops)
	527.10
	527.10
	391.69
	77.24
	51.80
	77.24
	26.35

	Storage (TB)
	2109.38
	2109.38
	949.22
	210.94
	140.63
	210.94
	70.31

	CPU Cores

（Include I/O nodes）
	18560
	18560
	13792
	2720
	1824
	2720
	928

	Memory (GB)
	81792
	81792
	57856
	10752
	7168
	10752
	3584


3.
Data and Products from GTS in use

Data from GTS in use are showed in table 3.1 according to one day data used by GRAPES-GFS on a batch experiment in December 2013.

Table 3.1 Number of observation reports in use
	Data type
	Mean
	Data type
	Mean
	Data type
	Mean

	SYNOP
	25189
	AIREP/AMDAR
	92548
	NOAA15_AMSUA
	59958

	SHIP/BUOY
	4529
	SATOB (WIND)
	71353
	NOAA18_AMSUA
	44690

	TEMP
	1460
	NOAA16_AMSUA
	42964
	METOP_AMSUA
	37790

	GPSRO(including COSMIC)
	2331
	NOAA16_AMSUB
	5798
	NOAA19-AMSUA
	42936


4.
Forecasting system

4.1
System run schedule and forecast ranges

In the new IBM Flex Power P460, the operational schedule was showed in table 4.1.
Table 4.1  Operational Schedule of NWP system in CMA 
	Systems
	Cut-off time (UTC)
	Run time (UTC)
	Computer used

	Global Forecasting System (operational) (T639L60_GSI)
	01:40 (18Z_ASSIM+9HR_FCST)
	01:40～02:38
	IBM Flex P460

	
	03:29 (00Z_ASSIM+240HR_FCST)
	03:29～05:40
	IBM Flex P460

	
	10:00 (00Z_ASSIM+9HR_FCST)
	10:00～11:00
	IBM Flex P460

	
	11:15(06Z_ASSIM+84HR_FCST)
	11:15～12:40
	IBM Flex P460

	
	13:40 (06Z_ASSIM+9HR_FCST)
	13:40～14:40
	IBM Flex P460

	
	15:29 (12Z_ASSIM+240HR_FCST)
	15:29～17:35
	IBM Flex P460

	
	22:00 (12Z_ASSIM+9HR_FCST)
	22:00～23:00
	IBM Flex P460

	
	23:45 (18Z_ASSIM+84HR_FCST)
	23:45～01:05
	IBM Flex P460

	
	09:10 (00Z_ASSIM+240HR_FCST)
	09:10～10:25
	IBM Flex P460

	Global Forecasting System
	12:00 (00Z_ASSIM. +6HR_.FCST)
	12:00～12:25
	IBM Flex P460

	(GRAPES－GFS1.4)
	17:30(06Z_ ASSIM +6HR_.FCST)
	17:50～18:00
	IBM Flex P460

	
	21:10(12Z_ASSIM.+240HR_FCST)
	21:10～22:30
	IBM Flex P460

	
	23:30(12Z_ASSIM.+ 6HR_.FCST)
	23:30～24:00
	IBM Flex P460

	
	3:30(18Z_ASSIM.+ 6HR_.FCST)
	3:30～3:55
	IBM Flex P460

	
	05:00(00Z_ ASSIM +240HR_FCST)
	05:00～05:40
	IBM Flex P460

	Typhoon track forecasting system

(T213L31_SSI)
	11:00(00Z_ASSIM. +9HR_FCST)
	11:00～11:20
	IBM Flex P460

	
	12:00(06Z_ASSIM.+120 HR_FCST)
	12:00～12:25
	IBM Flex P460

	
	15:00(06Z_ASSIM.+9HR_FCST)
	15:00～16:20
	IBM Flex P460


	
	16:00(12Z_ASSIM. +240HR_FCST)
	16:00～16:40
	IBM Flex P460

	
	22:00(12Z_ASSIM. +9 HR_FCST)
	22:00～22:20
	IBM Flex P460

	
	22:30(18Z_ASSIM. +120 HR_FCST)
	22:30～22:50
	IBM Flex P460

	
	02:40(18Z_ASSIM. +9 HR_FCST)
	02:40～02:55
	IBM Flex P460

	Regional Forecasting System

(GRAPES_MESO3.3)
	03:40 (00Z_ ASSIM +60HR_.FCST)
	03:40～05:00
	IBM Flex P460

	
	16:40 (12Z_ ASSIM +60HR_.FCST)
	16:40～18:00
	IBM Flex P460

	Ensemble Forecasts

With 15 members

15 members (T213L31)
	07:00 (00Z_ASSIM+240HR_FCST)
	07:00～09:00
	IBM Flex P460

	
	12:30 (06Z_ASSIM+6HR_FCST)
	12:30～12:35
	IBM Flex P460

	
	18:30 (12Z_ASSIM+240HR_FCST)
	18:30～20:30
	IBM Flex P460

	
	00:30 (18Z_ASSIM+6HR_FCST)
	00:30～00:35
	IBM Flex P460

	Regional Typhoon Forecasting System（GRAPES）
	05:00 (00Z_ASSIM+6HR_FCST)
	05:00～06:50
	IBM Flex P460

	
	11:00 (06Z_ASSIM+6HR_FCST)
	11:00～12:20
	IBM Flex P460

	
	17:00 (12Z_ASSIM+6HR_FCST)
	17:00～18:20
	IBM Flex P460

	
	01:00 (18Z_ASSIM+6HR_FCST))
	01:00～02:20
	IBM Flex P460

	Ensemble typhoon track forecasts with 15 members

15members(T213L31+
Bogus)
	07:30 (00Z_120HR_FCST)
	07:30～07:50
	IBM Flex P460

	
	19:30 (12Z_120HR_FCST)
	19:30～19:50
	IBM Flex P460

	Sand/dust Forecasting system

(T639)
	05:30 (00Z_72HR_FCST)
	05:30～06:50
	IBM Flex P460

	
	18:30 (12Z_72HR_FCST)
	18:30～19:50
	IBM Flex P460

	Sea Wave Forecasting System

(WW3)
	07:00 (00Z_120HR_FCST)
	07:00～07:10
	IBM Flex P460

	
	19:00 (12Z_120HR_FCST)
	19:00～19:15
	IBM Flex P460

	HAZE Forecast System
(T639)
	00:10（00Z_84HR_FCST）
	00:10~04:10
	IBM Flex P460

	
	12:00（12Z_84HR_FCST）
	12:00~16:00
	IBM Flex P460

	GRAPES Rapid Analysis and Forecast System(GRAPES_RAFS)
	01:20 (00Z_ASSIM+24HR_FCST)
	01:20～01:45
	IBM Flex P460

	
	04:20 (03Z_ASSIM+24HR_FCST)
	04:20～04:45
	IBM Flex P460

	
	07:20 (06Z_ASSIM+24HR_FCST)
	07:20～07:45
	IBM Flex P460

	
	10:20 (09Z_ASSIM+24HR_FCST)
	10:20～10:45
	IBM Flex P460

	
	13:20 (12Z_ASSIM+24HR_FCST)
	13:20～16:45
	IBM Flex P460

	
	16:20 (15Z_ASSIM+24HR_FCST)
	16:20～16:45
	IBM Flex P460

	
	19:20 (18Z_ASSIM+24HR_FCST)
	19:20～19:45
	IBM Flex P460

	
	22:20 (21Z_ASSIM+24HR_FCST)
	22:20～22:45
	IBM Flex P460


4.2
Medium range forecasting system (4-10 days)

4.2.1
Data assimilation, objective analysis and initialization
4.2.1.1
In operation 
The data assimilation system used in operation is Grid-point Statistical Interpolation (GSI) which was introduced from NCEP. The observational data include those from GTS and ATOVS 1b data from NOAA-15/18 channels are assimilated in the global data assimilation system. The background fields used for analysis are 6-hour forecasts from T639 model. 

The GRAPES global 3DVAR system has 0.5˚ horizontal resolution and 29 standard pressure levels vertically. The data for assimilations include the conventional GTS data and satellite data of NOAA-15/16/18/19, METOP-A microwave data, GPS data and METEOSAT9, MTSAT AMV data. The analysed variables include horizontal winds, geo-potential height and relative humidity. The background fields used for analysis are 6-hour predictions from GRAPES. After digital filtering, the analysed fields provide initial values for the forecasting model.

4.2.1.2
Research performed in this field

Initially established in 2010 GRAPES global 4 dimensional variational data assimilation system, and gradually introduce the tangent linear physical process and the adjoint model, including the MRF vertical diffusion scheme, EC87 large scale condensation scheme, simple cumulus convection scheme of CUDU, and the 4 order horizontal diffusion scheme. 
Since 2013, the new version of the GRAPES global model based on the redevelopment of the tangent and adjoint model, 6 hours (resolution 1 °, 36 vertical layers) with the test precision can achieve 15 digital above, the tangent and adjoint iteration and the time is about 3 times of the nonlinear model, the current GRAPES 4DVAR relatively old version in the performance and the effect has been greatly improved.

Since 2011, completed the development and mode coordinates (the height of the terrain following coordinate) and three dimensional variables consistent data assimilation system, the background error covariance is re-estimation, has made the improvement to the satellite microwave radiance data assimilation, including bias correction, the cloud detection on land and observation error objective estimation, at the same time introduced NOAA 19 AMSUA, AIRS Aqua satellite radiation temperature channel rate data, the CDW height were re adjustment of the background field information based on continuous improvement, accuracy analysis.
4.2.2
Model

4.2.2.1
In operation

There is no change for the operational model TL639L60 model.
Quasi-operational medium-range system GRAPES has been updated in November  2013, with major improvements in model include introduction of heat source from physical processes in prognostic equation for Exner function, applying 4th order horizontal diffusion, terrain filter and polar filter,  upgrading convection and PBL parameterization schemes, the replacement of QMSL advection scheme with PRM advection scheme, the implementation of sub-grid topographic drag scheme, increasing the accuracy of coupling between physical package and dynamic core. In data assimilation system, the resolution of analysis has increased from 1° to 0.5°, the bug in spectral transform has been corrected and background errors have been recomputed, the height correction scheme for cloud motion wind vectors, quality control scheme for surface data and minimization algorithm have been improved, background error covariance is recalculated, satellite data of noaa19 and airs have been assimilated in GRAPES-GFS. 
4.2.2.2
Research performed in this field

In GRAPES global 3DVar, the background error was re-estimated, the AMV data was evaluated and the height of AMV was corrected, NOAA-19 and AIRS was assimilated. 
In GRAPES global model, the scalar advection was re-tuned, the interaction between dynamics and physics was revised, cumulus and PBL parameterization were modified to improve the simulation of the moisture flux and then to improve the precipitation forecast.
4.2.3 Operationally available Numerical Weather Prediction Products 
There are no changes in operationally available numerical weather prediction products. The T639 model products generated from operational runs are 0-240h forecasts for 00UTC and 12UTC initial time and 0-72h forecasts for 06UTC and 18UTC initial. A list of NWP Products is given in table 4.2.1. 

Table 4.2.1: A List of CMA NWP Products
	Variables
	Unit
	Layer
	Level (hPa)
	Forecast hours
	Area

	Geopotential height
	Gpm (geopotential meters)
	26
	10, 20, 30, 50, 70, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 925, 950, 975, 1000
	000，003，006，009，012，015，018，021，024，027，030，033，036，039，042，045，048，051，054，057，060，063，066，069，072，075，078，081，084，087，090，093，096，099，102，105，108，111，114，117，120，126，132，138，144，150，156，162，168，180，192，204，216，228，240
	North-east hemisphere

(0.28125*0.28125)

 0°N－180°N，90°E－0°

	Temperature
	K
	26
	
	
	

	U-wind
	m/s
	26
	
	
	

	V-wind
	m/s
	26
	
	
	

	Vertical velocity
	Pa/s
	26
	
	
	

	vorticity
	s-1
	26
	
	
	

	divergence
	s-1
	26
	
	
	

	Specific humidity
	Kg/kg
	26
	
	
	

	Relative humidity
	%
	26
	
	
	

	10m U-wind
	m/s
	1
	10 m above ground
	
	

	10m V-wind
	m/s
	1
	10 m above ground
	
	

	2m Temperature
	K
	1
	2 m above ground
	
	

	Surface temperature
	K
	1
	surface
	
	

	Sea surface pressure
	Pa
	1
	mean sea level
	
	

	Surface Pressure
	Pa
	1
	surface
	
	

	2m RH
	%
	1
	2 m above ground
	
	

	The first layer of soil temperature
	K
	1
	0-0.07 m below ground
	
	

	Second layer soil temperature
	K
	1
	0.07-0.28 m below ground
	
	

	Third layer soil temperature
	K
	1
	0.28-1 m below ground
	
	

	Fourth layer soil temperature
	K
	1
	1-2.55 m below ground
	
	

	The first layer of soil moisture
	m3/ m3
	1
	0-0.07 m below ground
	
	

	Second layer soil moisture
	m3/ m3
	1
	0.07-0.28 m below ground
	
	

	Third layer soil moisture
	m3/ m3
	1
	0.28-1 m below ground
	
	

	Fourth layer soil moisture
	m3/ m3
	1
	1-2.55 m below ground
	
	

	Convective precipitation
	mm
	1
	　
	
	

	Large scale precipitation
	mm
	1
	　
	
	

	Total precipitation
	mm
	1
	　
	
	

	Low-level cloud cover
	%
	1
	cloud base
	
	

	Middle-level cloud cover
	%
	1
	cloud base
	
	

	High-level cloud cover
	%
	1
	cloud base
	
	

	Total cloud cover
	%
	1
	cloud base
	
	

	Maximum 2m Temperature
	K
	1
	2 m above ground
	
	

	Minimum 2m Temperature
	K
	1
	2 m above ground
	
	

	Surface sensible heat flux
	W m**-2 s
	1
	surface
	
	

	Surface latent heat flux
	W m**-2 s
	1
	surface
	
	

	Surface solar radiation
	W m**-2 s
	1
	　
	
	

	Surface heat radiation
	W m**-2 s
	1
	　
	
	

	Snow
	M (water equivalent)
	1
	snow
	
	

	Water content of Surface
	m (water-e)
	1
	　
	
	

	Evaporation
	m (water-e)
	1
	　
	
	

	Run-off
	M
	1
	　
	
	

	Snow depth
	m (water-e) 
	1
	　
	
	

	Geopotential height
	Gpm
	1
	surface
	
	

	Sea-land marks
	N/A
	1
	surface
	
	

	Dew point temperature
	K
	19
	200,250,300,350,400,450,500,550,600,650,700,750,800,850,900,925,950,975,1000
	
	

	Wet potential vorticity vertical component
	10-6 m-2 s-1 k kg-1
	19
	
	
	

	Wet potential vorticity horizontal component
	10-6 m-2 s-1 k kg-1
	19
	
	
	

	Temperature Advection
	10-6 K/s
	6
	200,500,700,850,925,1000
	
	

	Vorticity Advection
	10-11 /s2
	6
	
	
	

	Dew point temperature difference
	10-1 C
	4
	500,700,850,925
	
	

	Water vapour flux
	10-1 g/cm·hPa·s
	4
	
	
	

	Divergence of vapour flux
	10-7 g/cm2·hPa·s
	4
	
	
	

	Pseudo-equivalent temperature
	K
	4
	
	
	

	K index
	°C
	1
	mean sea level
	
	


4.2.4
Operational techniques for application of NWP products (MOS, PPM, KF, Expert Systems, etc..) 
4.2.4.1
In operation

The forecast system of abroad cities was put into operational running. It can provide surface element forecasts twice per day for more than 6000 cities worldwide. 
4.2.4.2
Research performed in this field

Regional forecast method in gridded precipitation forecast was developed. Through Rotational Empirical Orthogonal Function (REOF) which was based on historical station precipitation amount, climate region of precipitation for each station was determined. And then, through GIS system, climate region of precipitation for each grid was divided. Regional forecast model of station precipitation were developed and forecast model of grid precipitation was established by applying the station forecast model to the grid. By using precipitation forecasts from NWP, the gridded quantitative precipitation forecasts were explained.
Based on model direct outputs, operational station guidance forecasts and stepwise correcting method, gridded temperature, relative humidity, wind direction and wind speed forecasts near surface were developed. Also, height corrections were considered in temperature gridded forecasts.
4.2.5
Ensemble Prediction System (EPS) （Number of runs, initial state perturbation method, perturbation of physics?]"  (Describe also: time range, number of members and number of models used: their resolution, number of levels, main physics used, perturbation of physics, post-processing: calculation of indices, clustering)

4.2.5.1
In operation
No changes were made for T213 global operational ensemble prediction system (EPS). Data assimilation system for control forecast was SSI 3DVAR assimilation. The system configuration is as follows:
· Number of members: 15 members; 14 perturbed members (adding/subtracting perturbations from seven independent breeding cycles) plus one control run

· Initial state perturbation method: Breeding Growth Method(BGM)
· Number of models used: one model, T213L31 (about 60 km)

· Perturbation of physical process: none

· Running cycle: 00UTC and 12UTC, running twice per day

· Integration time

- T213L31 control run with an integration period of 10 days

- 14 perturbed members being T213L31 with an integration period of 10 days

- Perturbations being from 7 independent breeding cycles
Another version of GEPS based on Ensemble Transform technique with 24 members is running in near real time, the forecast length is extended to 15 days aiming at the extended forecast service.

4.2.5.2
Research performed in this field

· The development of the global EPS based on T639 model.  The global EPS (GEPS) based on T639 model (T639-GEPS) has been developing at CMA since 2012. The initial perturbations of T639-GEPS are based on the BGM method, and 7 pairs of perturbations are calculated during the breeding circles to produce 14 perturbed initial conditions. In 2013, T639-GEPS was upgraded in the following aspects: 1) the stochastic physical processes tendency (SPPT) method has been implemented and tested in T639-GEPS; 2) the T639-GEPS has been extended up to day 15, and has been established on the CMA’s new operational high performance computer system (IBM Flex P460); 3) the experiments of adjusting rescaling factors have been conducted to improve the ensemble spread of the T639-GEPS. 
· Development of GEPS with GRAPES_GFS model The GEPS based on GRAPES_GFS model (GRAPES-GEPS) using singular vector method as initial perturbation has been developed at CMA. The preliminary GRAPES-GEPS experiment includes 31 members. Two major works were conducted in 2013 :1) the GRAPES_GFS model was updated by latest version in the GRAPES-GEPS; 2) the impacts of SV perturbations calculated from the simplified physics in the tangent linear and adjoint model of GRAPES_GFS were tested, and the corresponding GRAPES-GEPS experiments were evaluated.
4.2.5.3
Operationally available EPS Products 
· Extreme Forecast Index (EFI) of 2-meter temperature has been applied to operational running for 5 day forecasts in 2013. Results were issued at NMC web (http://nmc.gov.cn/ http://www.nmc.gov.cn/publish/nwp/eps-t213/jiduan.htm).
· The T213-based Global EPS products are showed in table 4.2.2. 
Table 4.2.2: A list of global EPS products

	Abbreviations
	Elements
	EPS products
	Probability threshold

	3-D variables

	HGT
	Height
	MEAN: average

SPREAD: dispersion

(the same below)

Levels: 200 hPa, 500 hPa, 

700 hPa, 850 hPa, 
	

	RH
	Relative humidity
	
	

	UV
	U and V component wind
	
	

	TC
	Temperature
	
	

	2-D variables

	RAIN_24HR
	24h accumulative precipitation
	MEAN, SPREAD, PRBT
	>0.1, >10, >25, >50 ,

>100,>250(mm)

	SLP
	Sea level pressure
	MEAN, SPREAD
	

	T2M
	2m temperature
	MEAN, SPREAD
	

	T2MAX
	2m temperature max
	PRBT
	>28,>30,>33,>35,>38,>40(C)

	T2MIN
	2m temperature min
	
	<5,<0,<-10,<-20,<-25,<-30(C)

	T2VAR
	2m temperature variation
	
	>-14,>-10,>-6,>-4,>3,>5(C)

	UV10M
	10m wind
	MEAN, SPREAD, PRBT

	>5.5,>8,>10.8,>17.2,

>24.5 >132.7 (m/s)

	Site specific graphs

	EPS METEOGRAM
	Total cloud cover;total precipitation;10m wind speed;2m temperature
	BOX & WHISKERS


	

	EFI 
	24h accumulated  precipitation，2-metre temperature
	Extreme forecast index
	


4.3
Short-range forecasting system (0-72 hrs) 
4.3.1
Data assimilation, objective analysis and initialization

4.3.1.1
In operation 
The GRAPES regional 3DVAR system is an incremental grid-point data analysis system with 15km horizontal resolution and 31 vertical levels, which is the same as GRAPES-Meso model. The data assimilated include the conventional GTS data. The analysed variables are zonal and meridonal winds, nodimensional pressure and specific humidity. The first guess is from the operational 12-hour prediction of T639 global model with the digital filter for initialization.
4.3.1.2
Research performed in this field
Data assimilation improvements of GRAPES-MESO model included : 1) finishing unconventional observation data assimilation tests of GPS/PW, FY_2E  and GPS/RO occultation retrieval of temperature profile;  2) applying variation quality control scheme for conventional observations; 3) developing bias correction scheme of radio sound humidity; 4) adjusting the parameter of aircraft assimilation scheme; 5) completing the tests of  radar reflectivity data assimilation scheme over the North China. Most of them will be implemented in operational system in 2014.
4.3.2
Model
4.3.2.1
In operation
· The operational GRAPES_Meso is a non-hydrostatic grid point model with 15km horizontal resolution and 31 levels in the vertical. The domain of the model integration covers the whole East Asia, and the forecast range is up to 72hrs. The specification of GRAPES_Meso is:
· Equations: Fully compressible and non-hydrostatical equations with shallow atmosphere approximation

· Variables: Zonal wind u, meridional wind v, vertical velocity w, potential temperature θ, specific humidity q(n) and Exner pressure π.

·   Numerical technique: 2-time level semi-implicit and semi-Lagrangian method for time-space discretization; 3D vectored trajectory scheme used in computation of the Lagrangian trajectory; Piece-wise Rational Method (PRM) for scalar advection.
·   Horizontal staggered grid:  Arawaka C-grid.

·   Time step: 90s.
·   Vertical grid: Height-based terrain-following vertical coordinate with Charney-Phillipps variable arrangement in vertical.
Physics: RRTM L W/ Fouquart & Bonnel SW, Betts-Miller-Janjic cumulus, WSM-6 microphysics, MRF vertical diffusion, NOAH land surface 

4.3.2.2
Research performed in this field
    Model improvements include: 1) horizontal resolution was increased to 10km and the total vertical level was increased to 50 layers; 2) optimization of long wave radiation  and land surface parameterization schemes were performed; 3) the prediction deviation of near surface temperature were improved ;4)  the thermal expansion item  had been introduced in the prediction equation --PI; 5) MRF boundary layer parameterization and New-SAS cumulus parameterization were introduced; 6) the brightness temperature diagnostic module was added into the model; 7) the parallel of the standard system initialization(SI) was performed.
4.3.3
Operationally available NWP products
In 2013, operational GRAPES-MESO products were improved in different climate regions of China. Through dividing China into eight different climate area more diagnostically variables which represented mesoscale atmospheric motion were developed. These products were distributed on NMC website (www.nmc.gov.cn)  in operationally in these eight areas separately. The GRAPES-MESO operational products are listed in table 4.3.1 over China and eight climate regional areas.  
Table 4.3.1: A list of GRAPES-MESO operational products

	Variables
	Unit
	Initial time
	Prediction hours
	Levels (hpa)
	Area

	U-WIND
	m/s
	00，

12


	00,03,

06,09,

12,15,

18,21,

24,27,

30,33,

36,39,

42,45,

48,51,

54,57,

60
	1000 925 850 700 600 500 400 300 250 200 150 100 70 50 30 20 10
	70ºE－145.15ºE

15ºN－64.35ºN
Grid (0.15°*0.15°)



	V-WIND
	m/s
	
	
	
	

	Temperature
	K
	
	
	
	

	Geopotential height
	M
	
	
	
	

	Specific humidity
	kg/kg
	
	
	
	

	Qantity cloud
	kg/kg
	
	
	
	

	Qantity rain
	kg/kg
	
	
	
	

	Vertical wind
	m/s
	
	
	
	

	K idex
	K
	
	
	
	

	Relative vorticity
	s-1
	
	
	
	

	Relative Divergence
	s-1
	
	
	
	

	24h variable temperature
	K
	
	
	
	

	24 h variable geopotential height
	Gpm
	
	
	
	

	Surface pressure
	hPa
	
	
	
	

	Sea level pressure
	hPa
	
	
	
	

	Convection Precipitation (rainc)
	Mm
	
	
	
	

	Not Convection Precipitation (rainnc)
	Mm
	
	
	
	

	Surface temperature
	K
	
	
	
	

	Surface long wave radiation flux
	W/m^2
	
	
	
	

	Surface short wave radiation flux
	W/m^2
	
	
	
	

	sueface heat flux
	W/m^2
	
	
	
	

	sueface vapour flux
	kg/m^2/s
	
	
	
	

	2mrh
	kg/kg
	
	
	
	

	2mt
	K
	
	
	
	

	10mU-wind
	m/s
	
	
	
	

	10mV-wind
	m/s
	
	
	
	

	Q2m
	kg/kg
	
	
	
	

	Difference of geopotential height between 500hPa and 1000hpa
	Gpm
	
	
	
	

	24h variable surface pressure
	Pa
	
	
	
	

	Total precipitation
	Mm
	
	
	
	

	3h precipitation
	Mm
	
	
	
	

	6hprecipitation
	Mm
	
	
	
	

	12h precipitation
	Mm
	
	
	
	

	24h precipitation
	Mm
	
	
	
	


4.3.4    Operational techniques for application of NWP products

4.3.4.1
In operation

 MACROBUTTON  AcceptAllChangesShown "[brief description of automated (formalized) procedures in use for interpretation of NWP ouput]" 
(MOS, PPM, KF, Expert Systems, etc..)

Take the same techniques as 4.2.4.2.
4.3.4.2
Research performed in this field

There were no researches in this field
4.3.5
Ensemble Prediction System 

4.3.5.1
In operation

There were no changes.
4.3.5.2
Research performed in this field 
 MACROBUTTON  AcceptAllChangesShown "[Summary of research and development efforts in the area]" 
The Regional EPS based on GRAPES-MESO model (GRAPES-MESO REPS) were developed by using Ensemble Transform Kalman Filter (ETKF) as initial perturbation method at CMA and multi physics combination. The GRAPES-MESO REPS was comprised of one control forecast (same configuration with operational GRAPES-MESO) and 14 members. The forecast range was 72hrs.  It was put into quasi-real time operational experiment from 1st June to 20th August 2013. Global background data were from GFS/NCEP global forecast data. The experimental results indicated that the ETKF initial perturbations of GRAPES-REPS were characterized by flow dependent structure and a good correspondence to observation station distribution, meanwhile the perturbations were orthogonal. Total energy of perturbations could keep appropriate growth in 0-72h forecast lead time. Ensemble forecast verifications showed that ensemble spreads could maintain reasonable growth in 72h forecast lead time .Compared with operational WRF-REPS, the skill of probabilistic precipitation forecast of  GRAPES-REPS was a  little better than that of WRF-REPS. Case study indicates that some member of GRAPES-REPS can forecast the extremely heavy rainfall events than that of control forecast.
4.3.5.3
Operationally available EPS Products 
There were no changes.
4.4    Nowcasting and Very Short-range Forecasting Systems (0-6 hrs) 
4.4.1  Nowcasting system

4.4.1.1
In operation
In 2013, as the main operational nowcasting system, SWAN (Severe Weather Automatic Nowcasting system) provided the technical supports for the nowcasting operation in CMA. Moreover, MCSs (Mesoscale Convective Systems) identification, tracking, and forecasting (0-2h) system was operated in CMA, providing areas, minimum TBBs, average TBBs, eccentricities, boundaries, moving directions and boundaries of MCSs based on specified thresholds in real-time.
4.4.1.2   Research performed in this field

In order to improve the ability of MCSs identification, CMA began to develop a new MCS self-adaption identification algorithm, by using Marching-Squares algorithm on high resolution of TBB thresholds. In order to improve the ability of thunder storms identification, CMA began to develop the TITAN(Thunder storm Identification Tracking and Nowcasting) algorithm, updated one single threshold to self-adaption multi-thresholds, so the weak convection and the initiative thunder storm can be detected more earlier. Besides, CMA plan to develop a 0-1 hour quantitative precipitation forecast algorithm based on TITAN and 10mins rainfall of automatic observation stations. In order to realize the automatic identification of severe weather, including hail, convective high wind and short-duration heavy rain, the Severe Weather Recognition System has been developed, which works by analyzing the characteristics of Doppler radar data. The analysis of radar data includes the data pre-processing, meteorological characteristics extraction and severe weather classified recognition. More specifically, the radar data pre-processing includes the self-adaption segmentation of the focus areas, the elimination of super-refraction and the correction of velocity ambiguity. Dozens of meteorological characteristics are extracted, such as bow echo, squall line, gust front, meso-cyclone, etc. Finally, different models are established to recognize different kinds of severe weather.
4.4.2
   Models for Very Short-range Forecasting Systems
4.4.2.1
In operation

There were no changes.
4.4.2.2    Research performed in this field

    GRAPES-MESO RAFS and GRAPES-MESO system were unified to one system. The script of operational flow chart was established and was managed by Perforce version management system. Three kinds of data, GPS/PW, FY_2E cloud motion wind vectors, GNSS/RO were applied to GRAPES-RAFS system and experiments showed the forecast were improved. Applying variation quality control scheme for humidity observations and experiments showed the forecast were improved. ; developing bias correction scheme of radio sound humidity.
4.5
Specialized numerical predictions 

[Specialized NP on sea waves, storm surge, sea ice, marine pollution transport and weathering, tropical cyclones, air pollution transport and dispersion, solar ultraviolet (UV) radiation, air quality forecasting, smoke, sand and dust, etc.]
· CUACE/Dust forecast system
The operational sand/dust storm prediction system in CMA is called CUACE/Dust. It is a sectional dust aerosol model with detailed microphysics of dust aerosol under a comprehension wind erosion database. It has been fully coupled with MM5. A data assimilation system has also developed to improve the initial condition of dust aerosol.  The prediction starts from 00:00 and 12:00 UTC on routine basis, which provide 72-hour sand/dust storm predictions for both China and Asia as a whole. The overall forecasting performance of the model is good. The model provides, among others, more accurate predictions for serious large-scale strong sand/dust storms. New products of dust AOD, dust loading, dry and set deposition have also been operationally issued in 2013.
· Tropical cyclone ensemble prediction system: there are no changes to this system in 2013
· Regional typhoon prediction system (GRAPES_TYM): there are no changes to this system in 2013.
4.5.1 Assimilation of specific data, analysis and initialization (where applicable) 
4.5.1.1
In operation

A data assimilation system has also developed to improve the initial condition of dust aerosol for the operational dust foecasting system CUACE/Dust. It assimilates the surface dust concentration, dust phenomenon and a satellite index IDDI from China Satellite FY-3A/C.   
4.5.1.2
Research performed in this field

 MACROBUTTON  AcceptAllChangesShown "[Summary of research and development efforts in the area]" 
No activity in this area.
4.5.2
Specific Models (as appropriate related to 4.5) 
4.5.2.1
In operation
· A vortex initialization scheme based on BDA was tested in 2013 and will be put into T639L60 in 2014
· The cumulus convection process was updated from SAS to Meso-SAS in order to improve the intensity and track forecast.
· Global typhoon track prediction system：There are no changes to this system in 2013.
· Tropical cyclone ensemble prediction system: There are no changes to this system in 2013
· Regional typhoon prediction system (GRAPES_TYM): There are no changes to this system in 2013.
· Global sea wave NWP system： There were no change
· Environmental emergency response system: The operational Environmental Emergency Response (EER) system, in RSMC Beijing, is currently based on the Hybrid Single-Particle Lagrangian Integrated Trajectories (HYSPLIT4.9 Version) Atmospheric Transport Model, developed at the NOAA Air Resources Laboratory. HYSPLIT4 is driven by meteorological input resulting from the operational numerical weather prediction system T639L60 global medium range forecast model and GRAPES_MESO model, instead of WRF in 2012 to satisfied user demanding. The system could provide different forecast products, including trajectories, concentrations (or exposures) and depositions for nuclear accident, volcanic ash, smoke and other episodes, providing the trajectory, concentration and dry/wet deposition products. 
· Regional fine-grided environmental emergency response system (EERS): RSMC Beijing established a regional fine environmental emergency response system and provided various emergency response products to the domestic departments during the 3nd nuclear test in North Korea. Further improvement and optimization on regional fine-grided environmental emergency response system (EERS) and CS-based small-scale EERS were conducted.
4.5.2.2
Research performed in this field

· A vortex initialization scheme based on BDA was tested in 2013 and will be put into T639L60 in 2014
· The cumulus convection process was updated from SAS to Meso-SAS in order to improve the intensity and track forecast.
· Global sea wave NWP system：
On the basis of WAVEWATCH III version 3.14, a new triple nested wave numerical prediction system was developed. The three domains of the system were global seas, the Northwest Pacific and the coastal waters of China. The resolution of the global wave model was upgraded from the original 1o × 1o degree to 0.5o × 0.5o  degree; the Northwest Pacific model with a resolution of 1/6o × 1/6o degree; and the Chinese coastal waters model with a resolution of 1/15o× 1/15o  degree. The wave models were driven by meteorological input resulting from the operational numerical weather prediction system T639L60 and GRAPES_TYM. The upgraded system was carried out using batch tests showed a significant improvement over the old system. The new system will be put into operation in 2014.
· Environmental emergency response system and Regional fine-grided environmental emergency response system (EERS)：
There were no changes.
4.5.3
Specific products operationally available  
· CAUCE/Haze-fog ： CAUCE/Haze-fog has been operationally run twice a day in CMA since Sept. in 2012. It issues 84-hrs products of visibility, PM2.5 and some gas species.  It can predict the timing and distribution of the regional haze-fog over China.
· Sea wave numerical prediction products: Sea wave numerical prediction products from the system include: 1) effective wave height HS; 2) the average wave period Tm; 3) the average wave direction; 4) wind speed and wind direction over sea surface; 5) sea-air temperature difference over the sea surface.
· Environment emergency response products: Atmospheric Environment emergency response system provides the following products: 1) 3D dispersion trajectories of the pollutants 0-72 hours after their detection; 2) 24-hour average pollution concentration in 0-72 hours; 3) Total deposition (wet & dry) distribution accumulated in 0-72 hours. Regional Refined Atmospheric Environment Emergency Response System provides the products superimposed with detailed geographic information, as follows: 1) 3D dispersion trajectories of the pollutants (0-12 hours after detection); 2) hourly average pollution concentration in 0-12 hours; 3) Total deposition (wet & dry) distribution accumulated in 0-12 hours. In a special emergency response procedure, the system can provide the above products in more details.
· Regional fine-grided environmental emergency response system (EERS)  products:
There were no changes.
· Global typhoon track prediction system, Tropical cyclone ensemble prediction system and Regional typhoon prediction system products: 
There were no changes..
4.5.4
Operational techniques for application of specialized numerical prediction products (MOS, PPM, KF, Expert Systems, etc..) (as appropriate related to 4.5) 
4.5.4.1
In operation
CUACE/haze-fog is developed for the regional haze-fog forecast in China. It is based on the CUACE which can simulate 7 types of aerosols, i.e. sea-salt, dust, OC, BC, nitrate, ammonia and sulfate. Visibility has been produced based on the 7 types of aerosol concentrations and humidity condition.
4.5.4.2
Research performed in this field

CAUCE/Haze-fog has been operationally run twice a day in CMA since Sept 2013. It has issued 84-hrs products of visibility, PM2.5 and some gas species.  It can predict the timing and distribution of the regional haze-fog over China..
4.5.5
Probabilistic predictions (where applicable) 
4.5.5.1
In operation

“[Number of runs, initial state perturbation method etc.]” (Describe also: time range, number of members and number of models used: their resolution, main physics used etc.)
No  changes in this area.
4.5.5.2
Research performed in this field

 MACROBUTTON  AcceptAllChangesShown "[Summary of research and development efforts in the area]" 
TC track ensemble prediction system based on T639L60 was developed and tested in 2013. The  BGM method was used for the perturbation of background fields and the vortex relocation and intensity modification techniques are applied for all the ensemble members.
4.5.5.3
Operationally available probabilistic prediction products

“[brief description of variables which are outputs from probabilistic prediction techniques]” 
Ensemble TC tracks and strike probability are developed.
4.6
Extended range forecasts (ERF) (10 days to 30 days) 0
In the area of extended prediction forecast, some similarity、dynamical and statistical methods were used to improve extended objective element forecasts by using 11-16 day information of numerical prediction model . Accumulated prediction and mean temperatures anomalies of 11-20 days and 21-30 days stages were produced in the form of deterministic and ensemble prediction products.
4.6.1
Models

4.6.1.1
In operation

No changes.
4.6.1.2
Research performed in this field
    By using the National Climate Center atmospheric general circulation model (BCC_AGCM) of the second generation monthly dynamic extended range system and NCEP/ NCAR reanalysis data during 1982-2010, the model forecast errors in winter temperature prediction and their relationship with external forcing factors were analyzed. The result indicates that the model could well reproduce the variation trends of winter temperature over Eurasia region, and the main interannual variability pattern of winter temperature over East Asian monsoon domain could be successfully presented. It reveals the performances in winter temperature prediction over East Asian monsoon domain of the model had been acceptable by forecasters, while the forecast errors were still considerable. The forecast errors over land were larger than those over ocean. Meanwhile, the errors at high latitudes were larger than those at low latitudes, and they were also closely related to altitude. The principal components of forecast errors had significant association with the sea surface temperature and the sea ice concentration over some key regions, it indicated that the response capability to external forcing was insufficient. This may provide valuable reference for improving the prediction skill of winter temperature over East Asian monsoon domain, in combination with model responses to external forcing. 
4.6.2
Operationally available NWP model and EPS ERF products 
No changes in this area.
4.7 
Long range forecasts (LRF) (30 days up to two years) 

4.7.1
In operation

No changes in this area.
4.7.2
Research performed in this field

    NCC/CMA is committed to carry out a series of dynamic – statistic seasonal precipitation prediction research and business application, and establish the forecast system on dynamical and analogy skills (FODAS). The system was based on the NCC’s first generation of CGCM model prediction, using the 74 circulation factors of NCC, 40 circulation factors of NOAA and optimal multiple factor regression method for correction on model errors and seasonal precipitation prediction. This operational system had a rather higher prediction technique of summer precipitation anomaly percentages at China’s 160 stations in 2009-2013 (the median of spatial anomaly correlation coefficient is 0.135 between the prediction and the real) than model prediction (the median of spatial anomaly correlation coefficient is 0.04 between the prediction and the real).
4.7.3
Operationally available EPS LRF products

 No changes.
5.
Verification of prognostic products  
5.1
 MACROBUTTON  AcceptAllChangesShown "[annual verification summary to be inserted here]" 
5.1.1 The verification  against  analysis  of  operational  numerical  forecast  model(T639)  
The verification  against  analysis  of  operational  numerical  forecast  model(T639)  in  2013  are  as  shown  in  the  following  table 5.1.
Table 5.1  RMSE of T639 model (500 hPa height, 250 hPa and 850 hPa wind speed)
relative to analysis in 2013
	Month
	Valid    time
	Z(500)
	W(250)
	W(850)

	
	
	NH
	SH
	NH
	SH
	Tropics
	Tropics

	
	24
	14.2
	14.4
	5.9
	5.3
	5.6
	3.1

	1
	72
	39.5
	40.5
	11.4
	11.9
	8.8
	6.4

	
	120
	70.3
	64.9
	17
	16.6
	10.8
	8.4

	
	24
	13.4
	15.2
	5.7
	5.4
	5.5
	3.2

	2
	72
	34
	42.9
	10.4
	12.1
	8.5
	6.8

	
	120
	56.3
	68.9
	14.6
	17.4
	10.1
	9

	
	24
	12.1
	16.1
	5.8
	5.5
	5.3
	3.3

	3
	72
	35.7
	45.7
	10.8
	12.3
	8.1
	7.1

	
	120
	64.4
	72.5
	15.7
	17.5
	9.8
	9.5

	
	24
	11.5
	16.5
	5.6
	5.4
	5.2
	3.4

	4
	72
	33.7
	46.2
	11
	12.1
	7.8
	7.2

	
	120
	63.5
	81.5
	16.9
	18.2
	9.3
	9.9

	
	24
	10.8
	17.8
	5.6
	5.6
	5
	3.6

	5
	72
	30.2
	48.3
	10.5
	12.3
	7.6
	7.8

	
	120
	54.4
	78.5
	15.3
	18
	9.3
	10.6

	
	24
	10.3
	18.6
	5.6
	5.7
	5.1
	3.6

	6
	72
	28.4
	52.3
	10.6
	12.9
	8
	8

	
	120
	50.5
	88.5
	15.2
	19.1
	9.6
	11.2

	
	24
	9.6
	19.8
	5.4
	5.6
	5.1
	3.6

	7
	72
	25.2
	52.8
	10.2
	12.5
	7.6
	8.1

	
	120
	44.7
	87
	14.2
	18.5
	9
	11.2

	
	24
	9.4
	18.8
	5.4
	5.3
	5.1
	3.6

	8
	72
	25.7
	48
	10.2
	11.6
	7.8
	7.7

	
	120
	43.5
	77.1
	14.4
	17
	9.2
	10.4

	
	24
	12.3
	34.2
	5.5
	8.3
	5.1
	5.3

	9
	72
	37.8
	92.4
	11.6
	18.4
	7.7
	11.4

	
	120
	65
	130.2
	16.8
	24.1
	9.2
	13.7

	
	24
	10.9
	15.6
	5.1
	5.1
	4.9
	3.2

	10
	72
	29.8
	41.4
	9.9
	10.9
	7.3
	7

	
	120
	52
	67.7
	14.5
	16.1
	8.7
	9.4

	
	24
	11.7
	15.1
	5.4
	5.2
	5
	3.1

	11
	72
	34.9
	40
	10.9
	11.1
	7.4
	6.5

	
	120
	64.3
	65.5
	17.1
	15.9
	8.9
	8.7

	
	24
	12
	14.8
	5.5
	5.3
	5.3
	3

	12
	72
	34.4
	39.2
	10.8
	11.4
	8.1
	6.4

	
	120
	60.3
	63.1
	15.9
	16.4
	9.7
	8.4


5.1.2   The verification  against  observations  of  operational  numerical  forecast  model(T639)
The verification  against  observations  of  operational  numerical  forecast  model(T639)  in  2013  are  as  shown  in  the  following  table-  RMSE  of  Z(500)  and  W(250).
Table 5.1.2 T639 RMSE (500 hPa height Z and 250 hPa wind speed W against observations in 2013 

	Month
	Valid  time
	Z(500)
	W(250)

	
	
	N.A
	Europe
	Asia
	Australia
	N.A
	Europe
	Asia
	Australia

	
	24
	20.1
	19.2
	17
	19.5
	8.8
	6.6
	5.8
	6.6

	1
	72
	58
	40.6
	30
	35.1
	15.9
	11.3
	9.2
	10.8

	
	120
	88.4
	75.6
	52.1
	51.5
	22.1
	19.3
	13.6
	14.3

	
	24
	17.7
	16
	16.1
	21.1
	8.5
	5.5
	6.6
	7.2

	2
	72
	46.9
	33.1
	26.5
	31.5
	13.9
	10
	9.5
	12.7

	
	120
	66.6
	61.1
	41.6
	48.9
	18.3
	16
	12.9
	16.4

	
	24
	17.6
	13.8
	14.8
	17.3
	8.1
	6.1
	6.7
	6.4

	3
	72
	44.1
	30.9
	30.4
	35.4
	13.8
	10
	10.6
	11.1

	
	120
	75.6
	58.6
	48.8
	53
	19.1
	14.9
	14.6
	14.9

	
	24
	14.6
	13.4
	14.4
	14.5
	7.6
	6.2
	7.4
	7.2

	4
	72
	36.7
	32.6
	30.2
	34.7
	13.4
	10.9
	11.1
	12.6

	
	120
	64.4
	62.7
	50.6
	67.2
	19.5
	18.2
	15.2
	18.5

	
	24
	13.5
	12.8
	15.4
	13.8
	7.6
	6.5
	7.6
	7.2

	5
	72
	30.7
	32.7
	28.4
	35
	12.8
	11.1
	11.8
	11.6

	
	120
	53.6
	61.9
	44.8
	56.3
	18.1
	16.6
	15.4
	17

	
	24
	11.9
	11.6
	14.5
	13.9
	8
	5.9
	7
	7.4

	6
	72
	29.6
	27.4
	25.4
	34.2
	13.2
	11.1
	11.1
	11.4

	
	120
	47.5
	50.6
	38.5
	58.5
	17.4
	16.1
	15.1
	15.3

	
	24
	11.8
	10.4
	14.4
	12.1
	6.9
	5.6
	6.9
	6.5

	7
	72
	24.7
	22.9
	22.4
	34
	11.6
	10.4
	10.2
	10

	
	120
	41.9
	45.3
	31.3
	61.5
	16.1
	14.6
	13.4
	14.7

	
	24
	12.3
	13
	15.1
	53.4
	7.3
	6.7
	6.1
	9

	8
	72
	30
	35.4
	25.1
	93.8
	12.5
	12.4
	9.9
	17.2

	
	120
	50
	57
	38.2
	115.8
	16.5
	19.4
	13.4
	21.5

	
	24
	12.6
	11.1
	13
	30.9
	7
	6.5
	6
	8.4

	9
	72
	31.4
	36.4
	25.1
	62.6
	12.7
	12.4
	9.5
	14.1

	
	120
	54.9
	68.9
	41.6
	87.1
	18.1
	19.9
	13.2
	18.4

	
	24
	14.9
	12.6
	13.3
	12.8
	6.7
	6.5
	5.5
	6.7

	10
	72
	31
	28.8
	26.4
	30.1
	11.9
	11.1
	9.1
	9.9

	
	120
	52.6
	49.3
	40.7
	48.3
	17
	15.7
	12.9
	14.1

	
	24
	18.4
	16.4
	13.9
	14.1
	7.3
	6.8
	5.1
	6.9

	11
	72
	38.8
	38.8
	26.9
	25.8
	12.4
	12.6
	8.6
	9.9

	
	120
	74.4
	83.3
	47.9
	32.6
	20.1
	21.7
	12.8
	12.7

	
	24
	17.9
	17.1
	14.2
	14.4
	7.4
	6.2
	5.5
	6.8

	12
	72
	40
	36.4
	28.1
	26.8
	12.9
	12.2
	9.5
	10.7

	
	120
	66.2
	70.4
	48.1
	44.3
	18.3
	19.3
	13.4
	14.4


5.1.3   AGCM/BCC 
    Using the anomaly correlation coefficient (ACC) in the assessment towards monthly 500hPa height field from dynamic model-based monthly forecasting system, the result are given in Fig 5.1.1, with lead time of 0, 5 and 10 days, five regions for tropical region, extra-tropical region in south hemisphere; extra-tropical region in north hemisphere; Eurasians; extra-tropical region in northeast hemisphere. The observation data of monthly 500hPa height field were from NCEP reanalysis, with climate field for 1982-2002 year. 
    The results with ACC assessment method (Fig 5.1.1a) show that, with shorter lead time is, the higher the ACC score for model forecasting 500hPa height field will be. The skill in north hemisphere is better than south hemisphere significantly. For Eurasia,  the model  500hPa height field predictions in March, May, Jun，July and December, were closer to reality than the other months in 2013 (see 5.1.1b and 5.1.1c). 
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Fig. 5.1.1 500hPa height field and real field by monthly forecast of dynamical climate model of BCC for five areas in 2013 and average ACC in five areas.  (a) Average ACC of all months for five areas in 2013; (b) from Jan to Jun and (c) from Jul to Dec.
TR: tropical region: 0-360°, -20°N-20°N;
ASIA: 30-180°E，20°N-90°N;

NEET: extra-tropical region in northeast hemisphere: 0-180°E, 20°N-90°N;
NET: extra-tropical region in north hemisphere: 0-360°, 20°N-90°N
SET: extra-tropical region in south hemisphere: 0-360°, 90°S-20°S;

5.1.4   AGCM/BCC model verification (monthly Precipitation and Temperature in China) 

Fig 5.1.2 gives ACC scores of monthly11 precipitation and temperature predictions based on AGCM/BCC model in 2013 in China, with lead time of 10 days. It indicates that the prediction skill of dynamical climate model for temperature is generally higher than that for precipitation. 
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Fig.5.1.2  ACC of regional monthly temperature and precipitation predictions in 2013 by AGCM/BCC (lead time: 10days)
5.2
Research performed in this field
· According to the mismatch problems of numerical forecasting and real spatial environment in verification scales, some spatial techniques such as fuzzy, upscaling method and the Method for Object-based Diagnostic Evaluation(MODE) has been applied to high resolution models.
· The operational verification system was optimized and established in new IBM FLEX HPC compute. 
· The SEEPS method was applied in the verification and assessment experiment was made for quantitative precipitation forecasts in China region. The verification test for quantitative precipitation forecasts (QPF) of forecasters in the National Meteorological Center and the T639 model forecasts in the flood season in 2013 were made. The Results indicated that SEEPS were approximately same as that of traditional verification scores. But SEEPS score is simpler and more suitable for management and decision making.
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]" 
The new version of GRAPES_GFS with improvements both in model and data assimilation, especially the change of data assimilation from 29 pressure levels to 36 model levels, will be put into qusi-operation to replace the current one next year. And GRAPES_GFS will include data assimilations of refractive index from COSMIC, NOAA18/19 and IASI data. Radiation transfer model of GRAPES_3DVAR will be upgraded to RTTOV93.
The second generation Monthly Dynamic Extended Range Forecast (DERF2.0) will be put into operation in 2014.
6.1.2  MACROBUTTON  AcceptAllChangesShown "[major changes in the Operational DPFS which are envisaged within the next 4 years]" 
The operational GRAPES global weather forecast system  will have a higher horizontal resolution, from current 0.5 degree to 0.25 degree , and the vertical resolution will be increased from current 36 levels to about 60 levels by the end of 2015 The model top will be extended from current 10hPa to 0.1hPa in 2017. The data assimilation system will be upgraded from current 3DVar to 4DVar in late 2017, and some new satellite data, such as FY-3C and FY-4, will be assimilated, 
The operational short-term climate prediction system will be changed from BCC_CGCM to BCC_CSM1.0, with the horizontal resolution increased from T63 to T106 in next 2 years. And then the vertical resolution will be increased in next 4 years.
6.2
Planned research Activities in NWP, Nowcasting, Long-range Forecasting and Specialized Numerical Predictions
“[Summary of planned research and development efforts in NWP, Nowcasting, LRF and Specialized Numerical Predictions for the next 4 years]”

6.2.1 Planned Research Activities in NWP
Upgraded current 3DVar to 4DVar, and hybrid data assimilation will be developed for both regional and global data assimilation systems. Some new satellite data, such as FY -3/4 and IASI will be assimilated. The model dynamics will be modified to improve the mass-conservation, and the diagnostic cloud scheme will be introduced in the global model.
6.2.2 Planned Research Activities in Nowcasting
1) The more attention will be put on the use of local unconventional observation data (such as Doppler radar data, satellite data, lightning data, profile) in GRAPES_RAFS system, and increase the horizontal and vertical resolution of GRAPES_RAFS　system.  

2) The application of GRAPES_RAFS system for very short range forecasting and nowcasting will be improved by evaluation and verification of the system performance, as well as development of more suitable products.

6.2.3 Planned Research Activities in Long-range Forecasting 
Based on the coupled sea-land-air-ice model (BCC_CSM1.0) of Beijing Climate Centre (BCC), the second generation short-term climate prediction system is being developed. It will have the ability to couple with different models describing various components of the climate system, i.e., atmospheric, land, ocean, and sea-ice models. Upon its completion, the multi-model ensemble system will be used to make operational short-term climate predictions.
To achieve this goal in the next few years, BCC is planning to: 

(1)
increase the horizontal resolution of the atmosphere model to about 50 km and raise the model top; introduce new advection algorithm; and improve the physical processes including cloud, radiation, precipitation and PBL taking into account the climate characteristics in East Asia; 

(2)
improve hydrological and dynamic parameterization schemes for vegetation among others based on current terrestrial model (BCC_AVIM1.0), which will be upgraded into BCC_AVIM2.0 suitable for high resolution climate system modeling; 

(3)
improve horizontal and vertical resolutions of ocean model based on MOM4_L40, and improve mixed layer, marine biogeochemistry process simulations and marine advection scheme;

(4)
improve the parameterization of sea ice thermodynamic process based on CICE model; focus on interactions between sea ice-ocean-atmosphere; 

(5)
set up the second generation high resolution climate system model (BCC_CSM2.0), with ~50km resolution for the atmospheric model and ~30km resolution for the ocean model;

(6)  develop the climate data assimilation system, emphasizing on the ocean and land data assimilation for the operational short-term climate prediction; upgrade the current operational ocean data assimilation system BCC_GODAS1.0 to BCC_GODAS2.0；
(7)
create the multi-model-based BCC_CSM1.0 super-ensemble prediction system to reduce the uncertainties in climate prediction;.

(8)     develop the regional climate model and embed it into BCC_CSM1.0 for operational use.
6.2.4 Planned Research Activities in Specialized Numerical Predictions
· GRAPES Hydrological model：
· GRAPES Hydrological model will be developed to improve the ability of basin precipitation forecast and Hydrological forecast of GRAPES. In GRAPES Noah LSM, storage capacity curve theory and Muskingum-Cunge routing model will be introduced to improve the spatial-temporal variation of basin precipitation, the precision of hydrological forecast, and the description of water cycle.
· CUACE, Chinese Unified Atmospheric Chemistry Environmental System, is a comprehension aerosol and chemistry model. It is the basis for the operational forecasting systems: CUACE/Dust and CUACE/Haze-fog. Emission inventories over China have been developed with reference years of 2007 and 2010. A module called CUACE/Emis can provide the emission information at different temporal and spatial resolutions for the modelling systems. CUACE also contains CUACE/Aero and CUACE/Gas which are fully online coupled onto the meso-scale weather model GRAPES and MM5. CUACE/Gas has 66 gas species and 161 chemical reactions (with 21 photochemical reactions) and also provides sulfate and SOA conversion to aerosol module. The CUACE/Aero can simulate sand/dust, sea salt, sulfate, black carbon and organic carbon. It can also simulate nitrate and ammonium by incorporating ISOROPIA thermodynamic equilibrium scheme. 
The aerosol and cloud interactions and the aerosol radiation impacts are under developed in CUACE for aerosol indirect and direct effects on weather and climate. Data assimilation has also under developed to improve IC of aerosols in CUACE.
· Environmental Emergency Response System:  The global and medium range nuclear substance dispersion modeling was investigated and preliminary technical scheme was designed. The new environmental emergency response and post-processing products willed be developed, such as the arrival-time products.
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