SG-SWFDP /Doc. n(m), p. 2

	WORLD METEOROLOGICAL ORGANIZATION

COMMISSION FOR BASIC SYSTEMS
OPAG on DPFS

MEETING OF THE CBS (DPFS) EXPERT TEAM ON OPERATIONAL WEATHER AND FORECASTING PROCESS AND SUPPORT (OWFPS)
Beijing, china 12-16 march 2018

	
	DPFS/ET-OWFPS/Doc. 4.6
(25.I.2018)

_______

Agenda item : 4.6
ENGLISH ONLY


Taking into account radiosonde position in verification
(Submitted by Tom Robinson

Canadian Meteorological Centre)

Summary and purpose of document

This document describes the current state of this issue with respect to the CBS verification exchange and proposes further action for study and possible implementation. 
Action Proposed

The meeting is invited to review this material with a view to discussing a plan of action at the meeting in Beijing.  

Reference(s):
- Impact of Radiosonde Balloon Drift on Numerical Weather Prediction and Verification. Laroche, S. and Sarrazin, R., 2013
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1. BACKGROUND
Radiosonde observations in BUFR format provide a much richer data set than Traditional Alphanumeric Code (TAC) radiosonde bulletins.  In particular, more detailed information regarding position and time of observations are included.  These data are starting to be included in NWP assimilation systems and there are questions as to whether and how the additional information should be incorporated into NWP verification.
2. ANALYSIS
ECMWF notes that from cycle 45r1 onwards, radiosonde drift will be taken into account in the assimilation. This will apply only to those ~30% of radiosonde stations who are reporting in BUFR, mostly from Europe, Australia+NZ, and the US. It has been shown that the drift significantly improves O-Bs for wind from 300 hPa upwards, into the stratosphere. Also, a better fit to GPSRO in the stratosphere has been found. We can expect noticeable differences at D+1, and diminishing effects from D+2 onwards.

At CMC, version 6.1.0 of the GDPS (Global model), to run in parallel run though spring 2018, will similarly incorporate BUFR reports.  The assimilation system will have a TAC vs BUFR selection algorithm designed to make itself obsolete when TAC bulletins disappear completely.  Currently, there are bulletins being sent in TAC only, bulletins sent in BUFR format but which consist of reformatted TAC data (hence no drift information) and true BUFR data with the drift information included.  
In the updated assimilation system, BUFR profiles will be selected only if
· the number of observations in the BUFR profile is greater than in the TAC profiles
· less than 10% of the profile contains suspicious drift positions
· the dry energy norm of the BUFR profile is less than 1.3 the norm of the TAC profile
The system will take advantage of the high precision temperature and humidity observations and will include ECMWF rejection criteria for humidity, a revised saturation vapor pressure formula (AERK) and revised humidity limits in the analysis.  

To date in pre-parallel run testing, the selection results in TAC profiles used in 83% of cases and BUFR in only 17%.  There has been an overall increase of 7.6 percent in the number of radiosonde observations used in the assimilation.  Pre-parallel run testing has indicated positive performance improvements out to day 5, though the additional radiosonde information is credited with improvements mainly in the short-range and especially in the winter months. 
An experiment by Laroche and Sarrazin (2013), presented at a previous meeting, noted balloon drift at 10 hPa of 45 km in summer and 100 km in winter.  At 100 hPa, the highest level for which verification data are exchanged, the drift was about 40 km in summer and 60 km in winter.  

ECWMF notes that: It is nontrivial to take the drift into account in the verification but if we do, we should actually also consider the difference in verification time, which complicates things further. For a centre with a focus on the medium-range this is not such high priority to have in the operational verification as shown by the results of Laroche and Sarrazin (2013). However it would still be useful to have a tool which we can experiment with, and compare results with and without taking into account the drift. The lack of improvement in upper-air scores against radiosondes in the very short range (+12 h) could be due (radiosonde drift).  

Indeed, Laroche and Sarrazin (2013) indicated verification results have negligible difference with or without accounting for balloon drift by 48 hours, so it is the short term forecasts that are of most concern.  
The extent of the impacts from the above study can be summarized as follows (from Laroche and Sarrazin, 2013):
…the impact of balloon drift is significant above 500 hPa, especially for the zonal wind. For this field, the best results at to (fig. 1a) are obtained when the balloon drift is accounted for in both data assimilation and verification systems. Above 200 hPa, the second best results are obtained when the balloon drift is completely ignored. This can be explained by the fact that the position of the radiosonde data is the same in both data assimilation and verification systems (straight above the upper-air stations), as well as because the principal source of wind information in the stratosphere is from radiosonde data. Consequently, there is no other wind data that can pull away the analysis from the radiosonde data, even if these observations are misplaced. Between 400 and 200 hPa, wind observations from aircraft reports and atmospheric motion vectors, which are assimilated at their reported positions and times, make the verification of the CNT experiment better when the balloon drift is taken into account. The same argument holds for temperature (fig. 1b) over the whole profile because temperatures from aircraft data as well as satellite radiances contribute significantly to the analysis. The worst results are obtained when the balloon drift is taken into account in the data assimilation, but ignored in the verification. In this case, all observations are assimilated at their best position but the error in the verification scores against radiosonde data is enhanced due to the space mismatch between the forecasts and verifying data. For short-range forecasts (fig. 2), the scores are systematically better when the balloon drift is taken into account in the verification, both when this drift is accounted for or not in the data assimilation. 
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Figure 1: Verification scores against radiosonde data with and without balloon drift
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Figure 2: same as figure 1, for the 12-hour forecasts

3. CONCLUSIONS
With only 30 percent of radiosondes in true BUFR format, the issue is not critical as yet In the context of the CBS verification exchange, but will become increasingly important as BUFR coverage grows.  It is premature to propose concrete solutions for incorporating position and time in the CBS exchange.  Further study is needed to assess the implications of radiosonde position and time on the verification statistics. 
With respect to a tool for experimenting, CMC Development Branch has developed a verification application, called EMET, designed to consolidate verification activities within CMC and its Research Branch.  A version of the application is currently under development for use in CMC Operations.  Some development would be required, but in principle EMET could be used for testing different verification scenarios.  
It is proposed that a plan of action be put in place for further study of the issue and development of a proposal for possible implementation of radiosonde position and time in the CBS verification exchange, for presentation at the next meeting of the ET-OWFPS.
