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Summary and purpose of document

This document outlines various considerations with respect to the effects of observational uncertainty on verification results
Action Proposed

The meeting is invited to consider these points and discuss potential course(s) of action 
Reference(s):

· Effects of Observation Errors on the Statistics for Ensemble Spread and Reliability, Saetra et al., Monthly Weather Review, 2004
· Effects of observation uncertainties in verification practices, Casati et al., poster from 7th International Verification Methods Workshop, Berlin, Germany, 2017
Acknowledgements: Barbara Casati (CMC/RPN), Thomas Haiden and Zied Ben Bouallegue (ECMWF)
1. Sources of observation error and uncertainty
· Various types of error and uncertainty are associated with observations, including:
· Measurements errors: e.g. instrument failure (abrupt or slowly degrading);
· Round-off and reporting procedures (precipitation reports in inches vs mm; no report when no precipitation);
· Quality Control (elimination of large values; rejection of precipitation under-catchment measurements in strong wind);
· Representativeness and sampling error (both in space and time): is the point observation representative of the (nearest) model grid-point value? Is the observation network homogeneous and representative of the region verified?
· Assumptions of remote-sensing retrieval algorithms.
· Uncertainties introduced by interpolation / gridding procedures.
2. Questions to consider 
· What are the effects of the observation uncertainties on verification results? 
· Which observation uncertainties have the largest impacts?
· How can we account for observation uncertainties in verification practices?
3. Experiment to identify observation uncertainties which have the largest impact on verification results (Barbara Casati, CMC/MRB)
The experiment examined the performance of the CMC Regional Deterministic Prediction System (RDPS, a 10 km model) and High Resolution Deterministic Prediction System (HRDPS, a 2.5 km model) surface parameter forecasts under various conditions.  Specifically, the study looked at performance against different observation networks (SYNOP vs METAR), the effects of spatial sampling (thinning) and Quality Control.  Model performance was assessed with continuous and categorical verification scores, as appropriate to the quantity being assessed.  The experiment was carried out using data over Canada for one summer and one winter season. 
There is a large discrepancy in the density of SYNOP observations over Canada, with the province of Alberta and southern Ontario and Quebec having particularly dense networks. METAR distribution is more homogeneous.  Thinning both networks along 2 degrees of latitude and longitude results in relatively equitable distributions.  Performance was compared with no thinning, 1 degree and 2 degree thinning.
The study shows that scoring against the different networks (SYNOP vs METAR) results in larger difference than does thinning.  The more homogeneous spatial sampling and network size resulting from thinning at 2 degrees reduces the SYNOP / METAR difference.  Bias curves against SYNOP are systematically higher than those against METAR, indicating more over-forecast than against METARs (it is noted that SYNOP stations are equipped with Stephenson screens while METAR stations are not.  Hence SYNOP observations are colder than METAR observations.  
Quality control of precipitation observations results in numerous rejections by the Canadian Precipitation Analysis (CaPA) system, particularly in winter due to a significant under-catchment effect of solid precipitation under high winds with many North American precipitation gauges.  In the summer case, there was no significant difference in verification scores when precipitation forecasts were evaluated with or without quality control, while scores were significantly affected in winter.
4. Representativeness and Sampling 
Thomas Haiden (ECMWF) looked to disentangle representativeness and sampling aspects by comparing 2-metre temperature forecasts against observations, against the analysis at the observation points and against the full analysis domain (all grid-points).  Standard deviation of the forecast error is higher against observations than against the analysis at the observation points, which is, in turn, higher than against the grid-points of the entire domain.  
5. Dealing with uncertainty in verifying ensemble forecast systems
a. Impact of observation uncertainty on verification results (Zied Ben Bouallegue, ECMWF)
ECMWF uses a “perturbed-member” approach following Saetra et al., 20014, whereby random noise based on the error of the verifying observations are added to each of the ensemble members prior to calculating the scores.  The observation uncertainty is estimated via the data assimilation system.  The RMSE / Spread comparison is vastly improved using this method, and CRPS are significantly improved, particularly at shorter lead times.  
b. Correction for apparent under-dispersion (Vincent Fortin et al, CMC)
An apparent under-dispersion was found to be due to calculating spread against the average of the standard deviation rather than the average of the variance.  This led to a largely positive result and even a slight over-dispersion from day 12 on.  There was still a question of a bias in the RMSE of the ensemble mean due to the error of the observations.  As above, the errors of the observations are known quantities from the data assimilation system, so these were subtracted from the Mean Squared Error to determine true RMSE of the forecast: 

MSE = RMSE2F + RMSE2O
6. Reducing radiosonde observation error

Relative humidity was added to the CBS verification exchange in the most recent standards.  The parameter is directly observed by but is not reported.  The humidity variable reported is the dew-point depression.  If relative humidity were reported, its precision can be up to 0.1 percent.    
Similarly, geopotential height is reported to the nearest decameter (10m).  GPS based radiosondes give a far more precise value for the position of the radiosonde.  
The ET-OWFPS should propose to the relevant body or bodies that relative humidity and the GPS-based geopotential heights be reported from the radiosondes.

7. Conclusions
Further work is needed to account for observation uncertainties in verification practices by further identifying the major sources of observation uncertainties and quantifying their effects on verification.  Some observation uncertainties can be corrected through quality control or incorporating observation uncertainty in the verification results.  Other avenues of study include probabilistic approaches, the so-called neighbourhood and scale-separation techniques.  We would look to the research community for help in these areas.
