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SURFACE VERIFICATION
(Submitted by T. Haiden)

Summary and purpose of document

This document reports on progress and plans by the Task Team on Surface Verification (TT-SV), including review of actions from the previous ET-OWFPS Meeting in October 2014.
Action Proposed

The meeting is invited to take note of the information presented and to approve the incorporation of additions regarding surface verification to the new CBS Manual WMO-No.485.  

Annex 1:
Extended parameters list from the Standard Verification Measures of Global EPS (Appendix A.II.2.3.2 of the new CBS Manual WMO-No.485)
Annex 2:
Inclusion of surface verification in the standardized verification of deterministic NWP products (Appendix A.II.2.3.1 of the new CBS Manual WMO-No.485)
1. BACKGROUND
In 2014, the Task Team on Surface Verification (TT-SV) produced a text describing the proposed standardized surface verification of deterministic NWP products for the exchange of scores between global centres, to be included in the new CBS Manual WMO-No.485. It was approved by the Expert Team on the Operational Weather Forecasting Process and Support (ET-OWFPS) on 22 Oct 2014 in Geneva. A number of actions related to these new recommendations were defined at the meeting of ET-OWFPS, which are detailed below.
2. ACTION ITEMS
Item 4.1.2. (i): Send proposed surface verification text to global centres (WMO Secretariat and Chair TT-SV)

Done. Text was sent out in Nov 2014.

(ii): Complete review of text (Chair TT-SV)

Done. After feedback from global centres had been incorporated, the finalized text was approved by the Chair ET-OWFPS in April 2015. It was merged with the existing text on upper-air verification for deterministic NWP (see Annex 2) for inclusion in the new CBS Manual WMO-No.485, and sent to the WMO Secretariat.
(iii): Encourage centres to prepare for implementation, make LC-DNV available to assist implementation (Chair TT-SV)

In progress. Implementation at the LC-DNV will be completed by the end of June 2016, after which other centres will be encouraged to follow. With the experience gained during their own implementation, LC-DNV will be able to assist other centres.

Item 4.1.3. Reference document on surface verification (Chair TT-SV)

Done. A link to the text describing the standardized surface verification of NWP products for the exchange of scores has been put on the LC-DNV website at https://software.ecmwf.int/wiki/display/WLD under ‘Exchange of surface verification scores’.
Item 4.1.6. Data format for exchange of surface scores (Chair TT-SV)

Done. A link to the text describing the format for the exchange of scores has been put on the LC-DNV website at https://software.ecmwf.int/wiki/display/WLD under ‘Exchange of surface verification scores’.

Other action items from the ET-OWFPS Meeting related to surface verification, but not as part of the work of the TT-SV, are:
Item 5.2.1b EPS scores to LC-EPSV (Thomas Haiden)

In progress. The LC-DNV offered to provide precipitation scores for other centres using fields from the TIGGE database and was awaiting the approval from LC-EPSV to do so. Approval from JMA was received in April 2016, and LC-DNV has started preparations for operational implementation.

Item 5.2.2 EPS scores for surface (Thomas Haiden)

Done. ET-OWFPS endorsed the recommendation from TT-SV to extend the EPS verification for surface parameters (currently just precipitation) to include 2m temperature and 10m wind speed. The scores are CRPS and contingency tables for the thresholds defined in the new manual. The corresponding additions to the new manual should be included (see Annex 1). 
Item 5.2.3 EPS scores for new surface parameters to LC-EPSV (Thomas Haiden)

In progress. The LC-DNV offered to provide scores for the two additional surface parameters 2m temperature and 10m wind speed for other centres using fields from the TIGGE database. This will be done as part of action item 5.2.1b.

Annex 1: Extended (in blue) parameters list in the text on global EPS verification (Appendix A.II.2.3.2 of the new CBS Manual WMO-No.485).
Appendix A.II.2.3.2
II – STANDARD VERIFICATION MEASURES OF GLOBAL EPS

. . .

3.
Parameters

Reliability tables for the calculation of probability scores shall be calculated for the following set of parameters and thresholds:
· Mean Sea Level Pressure (PMSL) anomalies ± 1, ± 1.5, ± 2 standard deviation with respect to the defined  climatology

· 500 hPa geopotential height anomalies with thresholds ± 1, ± 1.5, ± 2 standard deviation with respect to the defined  climatology
· 850 hPa wind speed with thresholds of 10, 15, 25 m s–1
· 850 hPa u and v wind components with thresholds of 10th, 25th, 75th and 90th percentile points with respect to the defined climatology. 
· 250 hPa u and v wind components with thresholds of 10th, 25th, 75th and 90th percentile points with respect to the defined climatology. 
· 850 hPa temperature anomalies with thresholds ± 1, ± 1.5, ± 2 standard deviation with respect to the defined climatology. 
· Precipitation with thresholds 1, 5, 10, and 25 mm/24 hours
· 10m wind speed with thresholds 10 and 15 m s–1
· 2m temperature anomalies with thresholds ± 1, ± 1.5, ± 2 standard deviation with respect to the defined climatology

NOTE: Where thresholds are defined with respect to climatology, the defined climatology is set out in paragraph 11 below.

CRPS shall be calculated for the same set of parameters.
. . .

Annex 2: Inclusion of surface verification in the standardized verification of deterministic NWP products (Appendix A.II.2.3.1 of the new CBS Manual WMO-No.485). 

Appendix A.II.2.3.1

I – STANDARDIZED VERIFICATION OF DETERMINISTIC NWP PRODUCTS
1.
Introduction 

This Appendix presents detailed procedures for the production and exchange of a standard set of verification scores for deterministic NWP forecasts produced by GDPFS centres. The goal is to provide consistent verification information on the NWP products of GDPFS participating centres for forecasters in the NMHSs and to help the GDPFS Centres compare and improve their forecasts. Scores will be exchanged between the participating producing centres via the Lead Centre for DNV. The Lead Centre functions, as described in II.2.3.1, include creating and maintaining a website for Deterministic NWP verification information, so that potential users will benefit from a consistent presentation of the results. 

The term “deterministic NWP” refers to single integrations of NWP models providing products defining single future states of the atmosphere (as distinct from ensemble prediction systems where multiple integrations provide a range of future states).

The standardized verification should provide key relevant information appropriate to the state-of-the-art in NWP, while being as simple and as easy to implement as possible, and ensuring a consistent implementation across participating centres.

The mathematical formulation of the scores is documented on the LC-DNV website(s), together with supplementary information on score calculation, the observational and climate datasets to be used for verification and procedures for submitting scores.

2.
Verification statistics

The following sections define two sets of verification statistics. A mandatory set shall be provided by all participating centres. A set of additional recommended statistics is also defined which all centres should provide if possible. The procedures for upper-air fields and for surface fields are different and are presented separately. The detailed procedures are required to ensure it is possible to compare results from the different participating centres in a scientifically valid manner.

3.
Exchange of scores

Each centre shall provide scores monthly to the LC-DNV. Details of the procedure and the required format for the data are provided on the website of the LC-DNV. All scores for all forecasts verifying within a month shall be provided as soon as possible after the end of that month. 

4.
Documentation

Participating centres shall provide to the LC-DNV information on their implementation of the standardized verification system annually, shall confirm to the LC-DNV any changes to its implementation (including the annual change of station list for upper-air verification, changes in additional statistics) and changes in their NWP model.

II – STANDARDIZED VERIFICATION OF UPPER-AIR FIELDS
1.
Parameters

Extra-tropics


Mandatory

· Mean sea-level pressure (verification against analysis only)

· Geopotential height at 850, 500 and 250 hPa

· Temperature at 850, 500 and 250 hPa

· Wind at 925, 850, 700, 500 and 250 hPa

· Relative humidity at 850 and 700 hPa

Additional recommended

· Geopotential height, temperature, wind at 100 hPa

Tropics

Mandatory

· Geopotential height at 850 and 250 hPa

· Temperature at 850 and 250 hPa

· Wind at 850 and 250 hPa

· Relative humidity at 850 and 700 hPa

2.
Forecast times

Scores shall be computed daily for forecasts initialised at 00 UTC and 12 UTC separately. For those centres not running forecasts from either 00 UTC or 12 UTC, scores may be provided for forecasts initiated at other times and must be labelled as such.

3.
Forecast steps

Every 12h to the end of the forecast range.

4.
Areas

Northern hemisphere extra-tropics 


90°N - 20°N, inclusive, all longitudes

Southern hemisphere extra-tropics 

90°S - 20°S, inclusive, all longitudes

Tropics 




20°N - 20°S, inclusive, all longitudes

North America 



25°N–60°N 50°W–145°W

Europe/North Africa



25°N–70°N 10°W–28°E

Asia 




25°N–65°N 60°E–145°E

Australia/New Zealand 


10°S–55°S 90°E–180°E

Northern polar region



90°N - 60°N, inclusive, all longitudes

Southern polar region



90°S - 60°S, inclusive, all longitudes

Verification against analyses for grid points within each area, including points on the boundary.

5.
Verification against analyses

5.1
Grid and interpolation

All parameters shall be verified against the centre’s own analysis on a regular 1.5° x 1.5° grid.  

In selecting the verification grid, consideration has been given to the variety of resolutions of current global NWP models, the resolved scales of models (several grid-lengths), the resolution of the available climatologies, the potential to monitor long-term trends in performance (including earlier, lower resolution forecasts) and computational efficiency.

Interpolation of higher resolution model fields to the verification grid shall be performed to retain features at the scale of the verification grid but not to introduce any additional smoothing. The following procedures shall be used:

· Spectral fields: truncate to equivalent spectral resolution (T120) for verification grid

· Grid point fields: use area-weighting to interpolate to verification grid

For scores requiring a climatology the climatology is made available via the LC-DNV website on the verification grid and needs no further interpolation.

6.
Verification against observations

6.1
Observations

All parameters listed in section 1, except mean sea-level pressure, shall be verified against a common set of radiosondes. The list of radiosonde observations for each area is updated annually by the CBS Lead Centre for radiosonde monitoring. The chosen stations’ data must be available to all the centres and be of sufficient quality on a regular basis. Consultation with all centres (usually by electronic mail) is desirable before establishing the final list. The current list is available via the website of the LC-DNV. The LC-DNV will contact all participating centres when the new list is available and inform them of the date from which the new list shall be used. 

The observations used for verification shall be screened to exclude those with large errors. In order to do this, it is recommended that centres exclude values rejected by their objective analysis. Moreover, centres which apply a correction to the observations received on the GTS to remove biases (e.g. radiation correction), should use the corrected observations to compute verification statistics. Whenever possible, these correction procedures should be documented (e.g. by reference to a technical report or journal paper).

6.2
Interpolation

Verification shall be made using the nearest native model grid point to the observation location.

6.3
Areas

The networks used in verification against radiosondes consist of radiosonde stations located in the areas listed in Section 4.

The list of radiosonde stations to be used for each area is updated annually by the CBS Lead Centre for radiosonde monitoring (see subsection 6.1)

7.
Scores

The following scores are to be calculated for all parameters against both analysis and (except mean sea-level pressure) observation. 

Wind


Mandatory:

· rms vector wind error

· mean error of wind speed

Other parameters:


Mandatory

· Mean error

· Root mean square (rms) error

· Correlation coefficient between forecast and analysis anomalies (not required for obs)

· S1 score (only for MSLP and only against analysis)


Additional recommended

· mean absolute error

· rms forecast and analysis anomalies (not required for observations)

· standard deviation of forecast and analysis fields (not required for observations)

The mathematical formulation of the scores is documented on the LC-DNV website, together with supplementary information on score calculation.

8.
Climatology

To ensure consistency between results from different centres a common climatology shall be used for those scores requiring a climatology. All centres shall use the climatology provided via the LC-DNV website. 

A daily climatology of upper-air parameters are available for both 00 UTC and 12 UTC. This provides an up-to-date estimate of climate characteristics for each day of the year, including climate mean, standard deviation and selected quantiles of the climate distribution. These latter statistics are required for the CBS standardized verification of EPS forecasts.

The data is made available in Grib format. Information on access to the data and further documentation are provided on the LC-DNV website.

9.
Monthly and annual averaged scores

Where average scores are required over a defined period, the averaging shall be made using the following procedures:

Linear scores (mean error, mean absolute error) - mean

Non-linear score should be transformed to appropriate linear measure for averaging

mean of MSE; 

Z-transform for correlation

For a defined period, the average shall be computed over all forecasts verifying during the period. Averages shall be computed separately for forecasts initiated at 00 UTC and 12 UTC and both sets of average values provided.

10.
Confidence Intervals

Confidence intervals will be computed by the LC-DNV using the daily scores. The method used will be documented on the LC-DNV web site.

III – STANDARDIZED VERIFICATION OF SURFACE FIELDS

1.
Parameters and units


Mandatory

· 2-m temperature
K
· 10-m wind speed
m s-1
· 10-m wind direction
deg 
· 24-h precipitation
mm


Additional recommended

· Total cloud cover
0-1
(convert to okta for contingency tables)

· 6-h precipitation
mm

· 2-m relative humidity
%
· 2-m dewpoint
K
For 2-m temperature, a simple height-correction between model altitude and station elevation shall be applied using a constant lapse rate of 0.0065 K m-1. For 2-m dewpoint an analogous height-correction shall be applied using a constant lapse rate of 0.0012 K m-1. This approximates the dewpoint lapse rate in an atmosphere with a temperature lapse rate of 0.0065 K m-1 and constant specific humidity. 

2.
Forecast times

Scores shall be computed daily for forecasts initialized at 00 UTC and 12 UTC separately. For those centres not running forecasts from either 00 UTC or 12 UTC, scores may be provided for forecasts initiated at other times and must be labelled as such. 

3.
Forecast steps

Mandatory:


6-hourly up to T+72, 12-hourly up to T+240 or end of the forecast


For 24-h precipitation: 24-hourly up to T+240 or end of the forecast

Additional recommended: 
3-hourly up to T+72, 6-hourly up to T+240 or end of the forecast (for improved representation of diurnal cycle)
For 6-h precipitation: 6-hourly up to T+240 or end of the forecast

4.
Grid and interpolation

Verification shall be based on the native model grid using the grid point nearest to the observation location. 

5.
Observations

Verification shall be carried out for SYNOP surface stations distributed via GTS. Each participating centre should aim to include as many stations as possible to ensure good global coverage. The list of stations used in the verification is allowed to differ between centres. This is made possible by the fact that scores for individual stations will be exchanged.

Centres are encouraged to make use of the quality control procedures available to them to reduce the effect of observation errors on scores. This includes removal of occasional unphysical values as well as data at individual stations which has been systematically rejected over a certain time period. Whenever possible, the quality control procedures should be documented (e.g. by reference to a technical report or journal paper). 

6.
Scores

Scores are computed for each station individually. A station for which scores are computed should have at least 90% data availability during the verification period.

For 2-m temperature, 2-m relative humidity, 2-m dewpoint, 10-m wind speed, 10-m wind direction, and total cloud cover the following error scores are computed:

· Mean error (ME)

· Mean absolute error (MAE)

· Root mean square error (RMSE)

10-m wind direction is verified only when the observed wind speed is (3 m s-1. For 10-m wind direction the equivalence of 360 and 0 degrees needs to be taken into account (cyclic continuation).

For 10-m wind speed, precipitation, and total cloud cover, contingency-tables for the following thresholds shall be provided:

· 10-m wind speed: 
5, 10, and 15 m s-1
· 24-h precipitation:
1, 10, and 50 mm

· 6-h precipitation:
1, 5, and 25 mm

· Total cloud cover:
2 okta, 7 okta

For total cloud cover, the model output should be rounded to the nearest okta prior to verification (for the contingency tables only).

Error scores shall be reported with a precision of at least 4 significant digits, e.g. 3.142 for an error of π. In the contingency tables, absolute number of counts shall be given rather than relative frequencies so that the sample size can be derived.  

The contingency tables for each parameter shall contain all thresholds given above. The mathematical formulation of the scores is documented on the LC-DNV website, together with supplementary information on score calculation.

7.
Temporal and spatial aggregation

For any given 1-month period, error scores and contingency tables are computed for each station individually. It forms the basis for aggregation by users of the exchanged verification data, both in time and space. 
For a defined period, the average shall be computed over all forecasts verifying during the period. 
Spatial aggregation is not part of the exchange, and is left to user discretion. Exchanging scores in this way allows forecast users to get detailed information on model performance for individual stations. It also ensures a high level of transparency and flexibility for model inter-comparison studies. Furthermore, it removes the requirement of coordinating, circulating, and updating whitelists of surface stations for verification. For model intercomparison studies the intersection of the different sets of stations used by global modelling centres would be used for comparison (‘smallest common denominator’).

If users would like to aggregate the exchanged scores, they can refer to the LC-DNV web site which provides guidelines for the choice of aggregation areas. Compared to upper-air verification, more emphasis needs to be put on aggregating over climatologically relatively homogeneous areas (since absolute thresholds are used for the contingency tables). 
