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Summary and purpose of document

This document presents the recent status of the implementation of the updated CBS recommendations at ECMWF. A brief demonstration of impact of changes in the verification statistics computation is presented in the Annex.
Action Proposed  

The meeting is invited to note the information provided in the document
Annex:  Comparison of verification statistics computed by old and new procedures at ECMWF
Reference(s):
 none

I – Current status of the implementation of updated CBS procedures on standardized verification at ECMWF
1.  
Computation of verification scores and statistics
Verification statistics and scores of deterministic NWP forecasts have been computed at ECMWF in compliance with the updated CBS recommendations on the standardized verification procedures. 

The main features of the new computational procedures are:

· verification statistics are computed against ECMWF operational analysis and observations of radiosondes from the standard list issued by the CBS Lead Centre for radiosonde monitoring (updated annually);

· scores against analysis computed on the regular 1.5°×1.5° grid; the fields are smoothed by truncation to T120 before transformation to the verification grid;

· scores against observations computed on the reduced Gaussian grid N640 (the native model integration grid) using values at grid points nearest to observation locations;

· anomalies computed with respect to the daily climatology fields derived from ERA-Interim analyses (based on period 1989-2008).

Verification scores of all mandatory and additional parameters and levels are computed, namely mean sea-level pressure (against analysis only), geopotential height, temperature, wind, and relative humidity, at levels 850, 700, 500, 250 and 100 hPa. The list of computed scores include rms error, mean error, mean absolute error; additionally, with respect to analysis also the anomaly correlation coefficient, S1 score, rms anomaly and standard deviation of field are computed. The scores are averaged over standard domains: northern and southern hemisphere extra-tropics, tropics, North America, Europe/North Africa, Asia and Australia/New Zealand; additionally, over the northern and southern polar regions (north or south of 60° parallels).

The procedure described above applies to statistics computed for both the WMO/CBS exchange and internal ECMWF purposes. For internal needs a much larger range of verification scores is computed, include for example scores of surface and weather parameters such as precipitation. The scores of forecasts since early 1980’s are available from ECMWF archive.

Production of scores computed by previous CBS procedures (2.5°×2.5° grid) was discontinued at the end of 2011.
2. 
Monthly verification reports
Regular monthly verification reports have been produced by ECMWF and made available to other centres.

Scores computed by new procedures have been encoded into the new record format proposed by WMO LC DNV. Files of both daily scores and monthly averages have been produced on the 4th day of each month and stored to WMO LC DNV ftp server. The reports contain all mandatory and most of additional parameters, levels, scores and domains required by updated CBS recommendations. New reports are available since August 2011.

In order to support WMO centres which are not yet ready to process verification reports in the new format ECMWF has been creating and disseminating verification reports in the old format by email. Since January 2012 those reports show the scores computed using the new procedures; as such they are not completely consistent with reports from previous years. These transitional old-format reports will be produced for a limited time.

Annex 1: Comparison of verification statistics computed by old and new procedures at ECMWF
The updated WMO/CBS guidelines on the standardised verification (approved by 16th WMO Congress in 2011) introduced several changes in the way verification statistics are computed. This short report summarises the changes and their impact on values of selected verification scores.

The main changes in the scores calculation are

	
	“old” scores
	“new” scores

	grid resolution
	2.5°x2.5°
	1.5°x1.5°

	smoothing (via truncation)
	none
	T120

	Climatology
	NMC monthly climatology
	ERA-Interim daily climatology

	time averaging method
	arithmetic mean
	score-specific


1.
Impact of resolution, smoothing and climatology
1.1
Grid resolution

The increase of the resolution of the verification grid proposed by the updated CBS guidelines reflects increases of grid resolution of NWP models since the original guidelines were issued. Higher resolution of the verification grid in general leads to a slight increase of errors, in particular for the root-mean-square error.
1.2
Smoothing
The previous CBS guidelines prescribed no smoothing of the verified fields. At ECMWF it was achieved by using the full spectral resolution in the inverse transformation to the verification grid. As a result the low-resolution verification grid-point values were related locally to the nearest points of the high-resolution model Gaussian grid rather than representing the whole area of the verification grid box.
The updated rules prescribe smoothing to be limited to the extent preserving features at the scales corresponding to the resolution of the verification grid. This is achieved by truncating the spectral field to T120 before transformation to physical grid and results in slightly smoother fields. As a consequence some errors may be slightly reduced, especially for less smooth parameters like temperature or wind.
1.3
Climatology
New verification scores use climatology field derived from ERA-Interim analyses from the period 1989-2008. New climatology has higher spatial and temporal resolution (daily climatology, T255) than the previously used NMC climatology (monthly means, T106 resolution) and due to more recent base period it better represents the current climate. Use of ERA-Interim climatology generally decreases the anomaly correlation. 
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Figure 1 Comparison of effect of changed resolution and truncation (smoothing) of the verification grid on the root-mean-square error of wind at 850 hPa (Europe, December 2010 mean). The plot demonstrates the dominant impact of field smoothing on RMSE (green line) and rather negligible effect of changed resolution (blue and red curves). Wind scores are shown here because they exhibit the most visible effect of verification grid changes; the differences in RMSE for geopotential and temperature (not shown here) are even smaller.
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Figure 2 Comparison of effect of changed resolution, truncation, and the climatology on the anomaly correlation of the geopotential of 500 hPa (northern extra-tropics, January 2011). The plot demonstrates the dominance effect of climatology change (magenta line) over changes of the verification grid.

1.4
Combined effect
The following scorecards present sign of differences of old and new scores and their statistical significance for two selected seasons. The root-mean-square errors have decreased with new procedures, particularly due to the smoothing effect by truncation. On the other hand, anomaly correlation decreased in the new set-up; one can notice the differences are rather less significant for geopotential in winter when anomalies are generally large and thus the impact of changed reference climatologies plays less important role.
	December 2010 – February 2011
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	June – August 2011
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	ECMWF Score Card (Red: new scores worse than old; Green: new scores better than old.)

Symbols show for each lead time the sign and significance of normalised differences between old and new scores. Red symbols indicate new scores are “worse” (larger rms errors, smaller anomaly correlation), green ones the opposite. Dotted bars indicate where the differences are not significant. Triangles mark differences statistically significant on 95% confidence level.

Legend:

ccaf: anomaly correlation, rmsef: rms error, sdef: standard deviation error;

t: temperature, z: geopotential height, vw: wind, swh: significant wave height, 10ff: wind at 10m (sea points only)


2.
Effect of time averaging method
When computing mean values of scores over time period (monthly or annual means) a simple arithmetic mean was used in the previous verification system. While this is the correct method for linear scores like mean error it is less appropriate for quadratic scores or anomaly correlation.

New verification system employs averaging methods which are score-specific:

· linear scores (mean error): arithmetic mean of daily values;

· quadratic scores (RMS error etc.): square root of arithmetic mean of squares of daily values;

· anomaly correlation: inverse z-transform of arithmetic mean of z-transformed daily values  using the Fisher Z-transform [image: image6.png]F() =Zin(Z)



.

Figure 3 shows the new method makes score means systematically different from simple arithmetic averages. The new method is applied consistently in the verification scores computation as well as in verification products generation.
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Figure 3 Time series of running means of anomaly correlation (top) and RMS error (bottom) monthly means computed as an arithmetic mean (green line) or a score-specific method (red line).

