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1. Introduction:

Since September 2000, the Antarctic Mesoscale Prediction System (AMPS) (Powers et al. 2001) has continuously provided numerical weather forecasts for different parts of Antarctica. AMPS produces forecasts for its various domains at horizontal resolutions of 90, 30 and 10 Km. The NWP model used in AMPS is the MM5 model (Grell et al. 1995). Initial condition for AMPS were originally prepared using MM5’s “LITTLE_R” Cressman objective analysis. The weaknesses of this analysis scheme were soon realized (Barker et al. 2003a) and accordingly it was replaced with the Three Dimensional Variational (3DVAR) analysis scheme. The main features of this analysis scheme are described in Barker et al. 2003b. Recently, many new features have been added to this 3DVAR analysis scheme. In this note some of these updates are summarized and results for the cycling of 3DVAR are discussed.
2. New developments in the 3DVAR analysis scheme
Some of the recent developments and their impacts in the 3DVAR analysis scheme adopted for AMPS are listed as follows.

(a) Implementation of new minimization scheme based on conjugate gradient method (CGM)

(b) Implementation of “outer loop” to implement the incremental 3DVAR approach based on Courtier et al. (1994) and Veerse and Thepaut (1998).

(c) Assimilation of data depending upon which parameter (pressure or height) is reported (observed).
(d) Efficient utilization of planetary boundary layer information based on Monin-Obukhov similarity theory following Cardinali et al. (1998) and Guo et al. (2002)
(e) Use of new background error (BE) statistics.

The new BE is computed based on “NMC-method” (Parrish and Derber (1992)) using on one month (January 2003) 12 and 24 hour forecast differences from MM5 model. 
The new BE statistics are computed at a horizontal resolution of 90 (Domain 1) and 30 Km. (Domain 2) and 29 levels in the vertical. Tuning of scalelength parameters has also been performed for the different analysis control variables. The final impact is examined by running various single/multi observation tests. The old procedure used interpolated global BE statistics (AFWA BE), calculated at a very low horizontal resolution of 210 Km. with 21 levels in the vertical. It is expected that the use of new BE for AMPS should lead to better usage of observations in the Antarctic region than the old BE. Fig. 1 gives the response of 1 m/s of increment in the wind (U comp.) when it is applied at the South Pole, sigma level 16. It can be seen that horizontal spread of its impact is very large with old BE as compared to new BE and exactly opposite is the case in t4he vertical direction. Clearly the spread looks more reasonable with new BE which has been achieved by proper tuning of the scalelength parameters.

(f) Additional data utilization 
The current AMPS 3DVAR can assimilate all the conventional data both from surface and upper air including the buoy and profiler data. It can also potentially make use of various types of satellite data like cloud track winds from GOES, GMS and KALPNA (Indian) geostationary satellites including Quikscat and SSM/I oceanic surface winds and total precipitable water from GPS. Once these observations are included in the real-time datafeed, AMPS will be able to exploit the full capabilities of 3D-Var, which can also directly utilize observations packed in BUFR format.

3. Cycling with 3DVAR:
   

Untill recently the 3DVAR system is run with first guess (FG) from the AVN analysis to produce AMPS initial condition (IC) for its various domains. However, ultimately it is aimed that AMPS should produce its own first guess (using 6 or 12 hour forecasts) and thus subsequently the initial condition for AMPS will be produced through cycling of 3DVAR. Keeping this in view various cycling experiments were carried out with the updated 3DVAR mainly with the purpose of tuning the background error statistics and various other aspects, which are discussed in the rest of this section. 

Firstly, the scalelength parameters for different analysis control variables were tuned using cycling run output with different re-scaling factors. Finally, it was found that except for moisture the rescaling factor of 0.5 is ideal for all other control analysis variables. Results corresponding to the following four cycling (12 hourly) runs listed below will be discussed.

(i) NOOBS
- 12 hourly cycling run without 3DVAR.analysis The 12 hour forecast is made from the IC taken as AVN analysis.

(ii) COLDS
- 12 hourly cycling run with 3DVAR analysis. The FG for 3DVAR is provided by the AVN analysis and the 12 hour forecast is made from the IC produced by the 3DVAR analysis output.

(iii) SC.50
- 12 hourly cycling run with 3DVAR analysis. The FG for 3DVAR is provided by the 12 hour forecast made by the IC produced by the 3DVAR analysis output. Except for moisture all other control variables are re-scaled using a factor of 0.5.

(iv) SC1.0
- Same as SC.50 cycling run, except that no re-scaling was done for any of the control analysis variables and the original scalelength parameters were retained. 

The above four cycling experiments were run for the entire period of December 2002. All the cycling runs were initialized with the 84 hour AVN forecast from 00 UTC of November 28, 2002 valid for 12 UTC of December 01, 2002. Thus for each experiment in all 61 cycles were run. This period corresponds to that used in NCAR assimilation research using an Ensemble Kalman Filter technique for AMPS (Barker 2004, submitted).

Table 1a & b summarizes the analysis and 12 hour forecast verification results against the Radiosonde (upper air wind and temperature) and Synop (surface wind, temperature and pressure) data. It presents the root mean square error (rmse) and the bias averaged over all the 61 cycles. The AVN analysis resolution is (50 Km horizontal resolution with all the data input including the satellite radiance etc for AMPS region, it is expected that the first guess of cold start run (AVN analysis) will be of better quality as compared to the 12 hour MM5 forecast which is run at 90 Km resolution, serving as the first guess for SC.50 and SC1.0 3DVAR cycling runs. Accordingly, it is seen that in general the analysis and 12 hour forecast verification scores corresponding to cold start run is better than noobs output followed by other 3DVAR cycling output. The scaling factor of 0.5 is giving better results compared to 1.0. Corresponding to the four cycling runs, Figure 2 and 3 gives the wind (U) and temperature analysis & forecasts rmse for surface (Synop) and upper air (Radiosonde) observations respectively. . The improvement of 3D-Var over cold-start indicates 3D-Var is “adding value” to the AMPS forecasts. 

4. Summary and Conclusions: 

The performance of AMPS in the 90km domain has improved with the upgrade of 3DVAR analysis scheme. The convergence is faster, makes use of more data and assimilates it more accurately. The new BE is certainly giving better results. Future work will concentrate on improving performance in the higher resolution domains via tuned BE files, and including additional observations in the AMPS datafeed (e.g. MODIS winds, ATOVS radiances). The latter is crucial in attaining the goal of a fully-cycling 3D-Var/MM5 system. Research is also planned to specify synoptically dependent BE using an ensemble approach.    
Table 1a: Analysis and 12 hour forecasts verification (RMSE and BIAS) of Radiosonde data, 

     upper air wind (U,V component) and temperature (T)

	Analysis
	RMSE
	BIAS

	Radiosounde data
	U(mps)
	V(mps)
	  T(Kelvin)
	U(mps)
	V(mps)
	T(Kelvin)

	No obs
	2.43
	2.48
	1.27
	0.04
	0.08
	-0.16

	Scale = 0.5
	3.09
	3.18
	1.41
	0.15
	0.08
	-0.05

	Scale 1.0 
	3.58
	3.68
	1.46
	0.10
	-0.03
	-0.06

	Cold start
	2.14
	2.20
	1.10
	0.09
	0.09
	-0.08

	12 Hr. forecast
	RMSE
	BIAS

	No obs
	3.37
	3.39
	1.62
	0.04
	-0.12
	-0.16

	Scale = 0.5
	4.25
	4.36
	1.81
	0.13
	0.01
	-0.10

	Scale 1.0 
	4.55
	4.61
	1.84
	0.12
	-0.18
	-0.14

	Cold start
	3.34
	3.38
	1.56
	0.04
	-0.11
	-0.16


Table 1b: Analysis and 12 hour forecasts verification (RMSE and BIAS) of Synop data, 

                 Surface wind (U,V component), temperature (T) and pressure (P)

	Analysis
	RMSE
	BIAS

	Radiosounde data
	U(mps)
	V(mps)
	T(Kelvin)
	P (hPa)
	U(mps)
	V(mps)
	T(Kelvin)
	P (hPa)

	No obs
	2.23
	2.25
	2.60
	1.30
	0.11
	0.12
	0.31
	-0.27

	Scale = 0.5
	2.01
	2.12
	3.54
	1.06
	0.04
	0.00
	1.17
	-0.10

	Scale 1.0 
	2.27
	2.30
	3.56
	1.26
	0.00
	0.05
	1.01
	-0.10

	Cold start
	RMSE
	BIAS

	12 Hr. forecast
	1.91
	1.93
	2.52
	0.86
	0.05
	0.05
	0.24
	-0.06

	No obs
	2.37
	2.42
	3.40
	1.65
	0.11
	0.23
	1.36
	-0.48

	Scale = 0.5
	2.37
	2.43
	3.63
	1.83
	0.00
	0.14
	1.27
	-0.45

	Scale 1.0 
	2.44
	2.47
	3.65
	1.91
	-0.05
	0.17
	1.11
	-0.37

	Cold start
	2.28
	2.34
	3.36
	1.59
	0.14
	0.23
	1.32
	-0.38
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Fig. 1: Impact of single observation (1 mps of westerly wind at sigma level 16 at South Pole). Left panel is the horizontal cross section (sigma level 16) and the right is the vertical cross section across South Pole. Lower panel is corresponding is for old BE whereas top panel is with new BE statistics. Contour interval is 0.1 mps.
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Fig 2a: rmse for surface wind (U comp.) upper panel is for analysis and lower panel 

            for12 hour forecast
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      Fig 2b: rmse for surface temperature. Upper panel is for analysis and lower panel 

                  for 12 hour forecast
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    Fig 3a:  rmse for upper air wind (U comp.). Upper panel is for analysis and lower panel  

                for 12 hour forecast 

[image: image11.wmf]T-rmse                                                         

Analysis 

                                           Data type: 

Sound

0.5

0.75

1

1.25

1.5

1.75

2

1

6

11

16

21

26

31

36

41

46

51

56

61

cycle number

rmse (Kelvin)

noobs

sc.50

sc1.0

colds

[image: image12.wmf]T-rmse                                                   

12 Hr Forecast   

                                      Data type: 

Sound

1

1.5

2

2.5

1

6

11

16

21

26

31

36

41

46

51

56

61

cycle number

rmse (Kelvin)

noobs

sc.50

sc1.0

colds


    Fig 3b:  rmse for upper air temperature. Upper panel is for analysis and lower panel  

                for 12 hour forecast 
















