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1. Project “Development of an operational data assimilation system for LACE”
1.1 T1.5 Local observation monitoring
The LACE monitoring software version 2 was installed at ZAMG on a local Linux computer. It has been running there regularly since 11th January 2010. The needed input files from ODB are delivered by MANDALAY which runs after long cutoff cycle. Due to limited disk space only the runs of the day before can be visualised. Afterwards the figures are deleted automatically and the MANDALAY files are moved to another hard disk. To use the monitoring for older cases or create summaries for a whole period (for example one month), the MANDALAY files must be copied back by hand. We got some Perl software from HMS for pdf conversion of the monitoring output. This is not running so far, because some additional perl libraries must be installed by our computer department before. Summaries for the LACE comparison period (January and June 2010) were copied to .doc files and then converted to pdf via “open office”. A regularly production of monthly monitoring summaries should be envisaged in the future. It seems that there is also the possibility to visualise the CANARI T2m, RH2m increments by running the monitoring software after CANARI followed by MANDALAY under a different experiment name. 
1.2 T2.3 Evaluation of the assimilation system and preparation of an operational setup
Since summer 2009 a parallel run with a combined 6 hourly 3D-Var and CANARI assimilation system is running at ZAMG. In winter 2009/2010 this cycle led to extreme low screen level temperatures and an unrealistic huge amount of snow in the model domain. In consequence impact studies by switching off single observation types in the assimilation were done in February and finally a bug in the steering script was detected (see 1.3) and fixed. Then the cycle was restarted with an operational 6h forecast as initial first guess.

Verification after the bugfix showed that there is still systematically more snow in the assimilation forecast than in the operational one which seems to be caused by the different adjustment of snow by CANARI compared to the operational Arpège interpolation (927). Figures 1-3 show verification results for June 2010. There is an improvement of the screen level parameter forecasts, especially for temperature and humidity Fig. 1, while the scores of 10m wind and mean sea level pressure are almost the same as in the operational run. Considering the upper-air levels, a bias reduction of 850 hPa wind and temperature can be noticed, but the forecast of other upper air parameters and especially the RMSE values could not be improved. 
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1.3 T2.4 Maintenance of the data assimilation system: update with new observation types and follow research and developments
A severe bug in the steering kornshell script of the assimilation system was fixed in spring 2010: Instead of merging the output of CANARI (soil fields) and 3D-Var (upper-air) in the long cutoff cycle, the 3D-Var output was combined with soil fields of the first guess. This led after a longer cycling forecast to very poor forecast of screen level parameters and an increasing number of observation rejections. After the bugfix CANARI and 3D-Var output are correctly merged in the long cutoff and the short cutoff part of the cycling. In consequence the forecast of T2m, RH2m improved. 
Due to the fact, that some radio sounding stations in and around Austria often observe only at 03 UTC (for example Linz, Graz, Innsbruck, Ljubljana, Altenstadt), an additional analysis step was introduced at 03 UTC in the long cutoff cycle. The 03 UTC observations are also added to the 06 UTC analysis step of the short cutoff cycle. So far, there was no comparison of assimilation systems using and not using these additional observations. 
Problems occurred mainly in winter by using mountainous synop stations. In an impact study which was unfortunately done before the above mentioned bugfix, they had a negative impact on low level moisture and temperature. Therefore a blacklist for CANARI and 3D-Var was created, which rejects stations with large differences in height between real and model orography or with large absolute altitude above sea level.   

To enable the usage of more satellite data and improve the bias correction, the newer ALADIN cycle cy36t1 was compiled and tested at ZAMG. Most parts of the assimilation system are already working technically without crash. A parallel run using cy36t1, 3D-Var, CANARI and VarBC (cold start), but still not using satellite data in bufr or in grib format, was started in September 2010. The 001 and fullpos part of this cycle, which are still using binaries of cy35t1 should be upgraded, too. A comparison of the results with that of the old cycle cy32t1 has to be made soon. 

The source code of cy36t1 was slightly modified and recompiled, which should enable also reading bufr format observation files and therefore use of more OPLACE data. To do that, also the steering script must be adjusted, which was not successful so far.
1.4 T3.3 Implementation of the FGAT/RUC techniques to the local assimilation system
No work was done so far on the implementation of a RUC/FGAT system at ZAMG. As the implementation of the 03 UTC step (see section 1.3) showed, technically a setup of a RUC would not be very complicated. The necessary 3-hourly observation files are already produced by OPLACE, but are not stored at ZAMG at the moment. The main reasons, which impede progress on this issue, were the lack of capacity on the NEC super computer, lack of free disk space and the lack of time, which was consumed to debug and rerun the 3D-Var+CANARI parallel experiment.   
2. Long-term research topics
2.1 Topic 3: Research on surface assimilation (Stefan Schneider)
The main task during the first half year of 2010 was the improvement of the technical aspects of the assimilation system which is using the SURFEX simplified extended Kalman filter for the assimilation of ASCAT soil moisture data in the Austrian version of the ALADIN model. The most important improvements are:
The input routine for ASCAT data has been enhanced; therefore satellite measurements which are provided in BUFR-format (available from the ZAMG homepage) can now be easier accessed by SURFEX.

CANARI has been included in the assimilation cycle, used in the interpolation mode to provide gridded data of temperature and relative humidity at 2 meters height. For this purpose, OPLACE observation data are used as input. These two data sets can be additionally assimilated in SURFEX. 

One severe programming error in the assimilation cycle could be fixed in April 2010. Due to the different units used for soil moisture in SURFEX and ALADIN, the soil moisture values provided for ALADIN were much too high (by a factor of 10), resulting in a “flooding” of the superficial ground layer in the initial state of the model. Therefore, results concerning the influence of the assimilation on the forecast quality already presented in the last report should not be used any more. 
There have been several investigations on the impact of the bias correction of the ASCAT data on the forecast quality. Assimilation runs using different regression equations have been compared, so far resulting in no significant findings on how to define the regression equation that fits best for the Austrian domain. Nevertheless, one starting point for further investigations could be addressed: within the ASCAT data set, there seems to be a positive bias in urban areas (see Fig. 4). This bias also exists in the analysis increments of WG1, the superficial soil moisture. This will be caused by the fact that at the moment a global bias correction is applied, not taking into account local artefacts of the ASCAT measurement system. One approach to solve this problem will be the use of a local bias correction. For this purpose, the data provider of the ASCAT data will give us access to a larger database (~4 years of data) to improve the bias correction. Furthermore, data from several Austrian in situ soil moisture measurement sites have been collected and shall be used to compare ASCAT measurements and ALADIN forecast of soil moisture.
Test runs with different namelist configurations, mainly using different background and observation errors, have been carried out. Compared to Austrian lowland stations (see Fig. 5), the forecasts for 2m values (temperature und relative humidity) are usually colder and wetter due to the assimilation. This can lead to an improvement for temperature forecasts in some cases, but it usually leads to degradation in the moisture forecast. So far, it was not possible to reduce the wet bias due to assimilation. It has to be taken into account that Austria might not be a good test pad for soil moisture assimilation as the satellite provides data only for small parts of Austria (see Fig. 4) due to the Alps. Concerning precipitation, improvements can be found for single case studies but not on average (verified with the SAL approach) so far. 
Concerning the technical aspects of the assimilation system, there is still one bug that has to be fixed as it is not possible to use all four prognostic variables of SURFEX (superficial soil moisture and temperature, deep soil moisture and temperature) as input for 001. 
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Fig. 4: a) Mean soil moisture for the period January to July 2010, as measured by ASCAT. For mountainous regions, no data are provided (white regions in the plot). Obviously, large cities (e.g. London, Paris, Barcelona, Berlin, Warsaw) can be clearly identified as local soil moisture maxima. b) Analysis increments for WG1 for a period of 5 days. Several of the local maxima from a) can be found again in this plot.
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Fig. 5: Verification of T2M (a) and RH2M (b). Blue is the operational run without assimilation, red is the assimilation run (ASCAT, T2M and RH2M assimilated; WG1 and WG2 as prognostic variables in SURFEX). Verification was done for 00UTC-runs from July 20-30, 2009. Especially during daytime the cold and wet bias (solid dots) due to the assimilation is clearly visible. Also for the RMSE (open circles), the diurnal cycle of the differences is more pronounced in the assimilation run. 
2.2 Topic 5: Use of GPS ZTD data (Xin Yan)
Control Experiment: The control experiment has only conventional data assimilated.
Study period and data assimilated: 2009 June 15-July 24, using both EGVAP network (Fig. 6) and Austrian high density data (Fig. 7).   2010 May 1 – June 30, only Austrian high density data used.
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Fig. 6: EGVAP GPS data assimilated in 2009 June/July period
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Fig. 7:  Austrian high density GPS network
Upper air results: For 2009 testing period, impact of EGVAP and Austrian data is bigger than the 2010 testing period where only Austrian data is assimilated. Greatest impact found in relative humidity, followed by wind, temperature and with the least impact on geopotential.  In general, impact at 850hPa level is greater than other levels. The trend of the impact is somehow mixed with more positive impact during the raining period, while in some cases, the impact can be very negative. 
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Fig. 8: RMS of relative humidity for level 850hPa for 12-h forecast. Green is with EGVAP and TU data, red is without.
SAL results: for 2009 better location score is found. Structure score is overall neutral while amplitude score is slightly better. For 2010, the SAL standard deviation is improved with Austrian GPS data, while the SAL mean values remain worse. However, a general trend of better location in terms of SAL mean and standard deviation is found. 
Further work: station thinning and bias correction will be done separately for dry and wet season. Case dependant study.
3. Timetable
	who
	what
	how much(Jan-Aug2010)

	Florian Meier
	Monitoring/maintainance and validation of 3D-Var+CANARI parallel run
	3

	Stefan Schneider
	ASCAT+SURFEX
	3

	Xin Yan
	3D-Var+GPS 
	3


TRAI





ZIDF





ALST





AMST





WEYE





LIEZ





SHLA





SALZ





ATPU





LINZ





ANDF





f)





e)





b)





d)











Fig. 3: Verification of upper-air fields 1st-30th June 2010; 12 UTC runs: RMSE as function of lead time. Operational run (blue) and run with 3D-Var+CANARI (red). a) 850 hPa temperature in K, b) 850 hPa relative humidity in %, c) 850 hPa wind in m/s, d) 500 hPa temperature in K, e) 500 hPa relative humidity in %, f) 850 hPa wind in m/s. Verified against 11 Central European sounding stations. 
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Fig. 2: Verification of upper-air fields 1st-30th June 2010; 12 UTC runs: bias as function of lead time. Operational run (blue) and run with 3D-Var+CANARI (red). a) 850 hPa temperature in K, b) 850 hPa relative humidity in %, c) 850 hPa wind in m/s, d) 500 hPa temperature in K, e) 500 hPa relative humidity in %, f) 850 hPa wind in m/s. Verified against 11 Central European sounding stations. 
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Fig. 1: Verification of screen level parameters 1st-30th June 2010, 12UTC runs. Scores as function of lead time: RMSE (open circles), BIAS (filled squares) and MAE (asterisks). Operational run (blue) and 3D-Var+CANARI (red). a) T2m in °C, b) 2m relative humidity in %, c) mean sea level pressure in hPa, d) 10m wind in m/s.  Verification was done against 60 Austrian synop stations.
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