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ASSESS THE CURRENT AND POTENTIAL CAPABILITIES OF WEATHER RADARS FOR THEIR USE IN THE WMO INTEGRATED GLOBAL OBASERVING SYSTEM

Preparation of weather radar intercomparison
(Submitted by Paul Joe) 

	Summary and Purpose of Document
The document provides information on the preparation of an intercomparison of Radar Quality and Quantitative Precipitation Estimation and a proposal for a Workshop to be organized in conjunction with ERAD 2010.



ACTION PROPOSED

The meeting will be invited to review the plan for the intercomparison and agree on its planning and to provide any relevant recommendation for carrying out this activity. The meeting will also be invited to review the proposal for the workshop to be held in conjunction with ERAD 2010.
Appendix:
ERAD2010 RADMON Workshop  Proposal

Implementation of the Radar Quality and Quantitative Precipitation Estimation Intercomparison Project

Paul Joe and Alan Seed

20091119
Introduction

The goals of the RQQI project are to validate, verify, and identify the best quality control algorithms and to specify the quality of the products, radars, and the QPE fields under a range of conditions.   Many complex signal and data processing steps are needed to produce a QPE field from weather radar data and the steps that are used in a particular processing chain depend on the specification of the radar, the surrounding terrain and the weather regime.  A wide range of algorithms have been developed to mitigate the effects of the most commonly observed sources of radar error, ground clutter for example, and the differences between the various algorithms needs to be quantified so as to be able to provide advice to WMO member states on the suitability of a particular algorithm in a particular situation and to provide error estimates for the quantitative use of weather radar.. 
The vision of the project is to conduct a series of workshops to quantify the benefits of each processing step.  It is envisioned that the series of workshops will address various elements of the chain.   In order to reasonably manage the work and organize the workshops, several working groups have been formed.  These include: (a) overall steering committee, (b) metrics group, (c) data group, (d) workshop organization.

In order to focus the work and manage the scope and definition of the project, it has been determined that the first workshop should address and assess the first elements in processing chain – ground clutter removal and calibration.  All radars have ground clutter and the concept of calibration is a poorly defined concept and so both are keys to beginning to think about the problem of how to inter-compare radar quality control algorithms.
The first workshop: ground clutter and radar calibration

All sensitive radars have ground clutter to various extents due to side lobe or main lobe interactions with nearby terrain.  These are often called permanent echoes but in reality they fluctuate due to micro-fluctuations in the atmosphere. So while it appears initially that the permanent echo problem is well defined, on closer inspection it becomes evident that the boundaries and therefore extent of the permanent echo varies slightly in time. 
Local atmospheric and topography conditions can lead to anomalous propagation echoes. This is more difficult to identify as the location and intensity of the clutter varies depending on the meteorological conditions on the day.

Ground clutter mitigation strategies range from signal processing to data processing, or a combination of both in some form of fuzzy logic framework.  Some signal processing techniques are configured to process the entire field so as to remove all the permanent and anomalous propagation echoes and some use ground clutter maps to filter the permanent echo out of the observations at specific locations only. Some data techniques identify clutter echoes and remove the entire echo and replace with a combination of the neighboring pixels.   This has been a topic that has generated a great variety of solutions so it is a good place to begin learning how run an inter-comparison of quality control algorithms. 

In general, the aim of the quality control algorithms is to derive the best possible estimate of radar reflectivity on the ground that can subsequently be converted into rainfall estimates. Unfortunately there is no ground truth as radar reflectivity cannot be estimated on the ground directly so some other indirect metric is required. In the end the most common source of ground truth that is independent of the radar is provided by a network of rain gauges. Differences in the probability distribution of the logarithm of the ratio of the gauge observation and the radar estimate can be used to determine the relative accuracy of the radar reflectivity fields provided a common algorithm is used to convert the reflectivity fields into rainfall. While this metric provides a direct estimate of the skill of the algorithm, it depends on sub-hourly rainfall observations from a dense network of rain gauges which is not always available. 

The first workshop of the radar data quality control and quantitative precipitation estimation inter-comparison project (RQQI) will evaluate the performance of algorithms to detect and infill echoes that are affected by ground clutter. The in-filled or interpolated data will not have the same point and spatial/temporal structure as the data that are observed directly due to the extra variance arising from the clutter identification and interpolation errors. Metrics for the first workshop should be able to quantify the differences in the single and two-point structures of the observed and in-filled data.
Deliverables

The workshop will deliver the following: 
1. A better and documented understanding of the relative performance of an algorithm for a particular radar and situation

2. A better and documented understanding of the balance and relative merits of identifying and mitigating the effects of clutter during the signal processing or data processing components of the QPE system.    

3. A better and documented understanding of the optimal volume scanning strategy to mitigate the effects of clutter in a QPE system.

4. A legacy of well documented algorithms and possibly code. 
Metrics
The key element of the project is developing quantitative quality metrics, particularly when the “truth” is hard to define or non-existent.  This was a difficult concept to formulate and was the subject of several meetings.  Conceptually, the metrics assume that the result of the required corrections (e.g., ground clutter removal, anomalous propagation removal, vertical profile correction, etc) and under the right conditions (e.g., stratiform precipitation) will cause the spatial and temporal statistical properties of the echoes in the clutter affected areas to be the same as those from the areas that are not affected by clutter.  This will be the primary “success” metric.. 

Temporal and spatial correlation of reflectivity

One way to measure variations in the spatial pattern is to calculate the correlation between a point that is outside but close to the clutter area and points along a transect through the clutter area and beyond. The temporal correlation (or variogram) of pixels that are inside clutter areas could be compared with correlations for neighbouring non-clutter pixels. What we would expect are higher correlations between the clutter corrected and adjacent clutter free areas since the clutter has been replaced.   However, this improvement may be offset by added noise coming from errors in the detection and infilling the clutter pixels.  
Probability Distribution Function of reflectivity

The single point statistics for the in-filled data in a clutter affected area should be the same as that for a neighbouring non-clutter area. The probability distribution based on samples from an entire storm can be calculated for the clutter and non-clutter areas and compared using quartiles or some other measure of the distribution. 

“No absolute” but dispersion quality concept

To develop an absolute measure, it is proposed that this surface reflectivity field be adjusted by applying a Z-R relationship of the Z = a Rb for with a fixed exponent (b = 1.5 or 1.6).  The “a” coefficient is determined by comparing with rain gauges to compute an “unbiased” estimate of “a”.   This would be done over a few stratiform cases.  

The RMS error (the spread) of the log (RG/RR) would provide a metric of the quality of the precipitation field.  The smaller the spread for the specially chosen cases would indicate high quality and a broad spread would indicate a low quality.   It is assumed that the spread is due to the quality of the surface reflectivity field and not due to the difference between cases.  Since not all radars have dense rain gauge networks, this is considered a secondary “success”

Probability Distribution Function of log(gauge/radar)

The bias and reliability of the surface reflectivity estimates can be represented by the PDF location and width respectively. The metric could be the deciles for the PDF, the more reliable algorithms will produce a narrower distribution about the central location and unbiased estimates will have a central location close to zero. This metric will require a substantial network of rain gauges under the radars that are used to provide data for the case studies, and also implies that the case studies are long-duration storms of widespread rainfall.

Inter-comparison Data

The inter-comparison data in the case of the first workshop will be time sequences of volume scans with permanent echoes, anomalous propagation and other artefacts during periods with and without widespread rain. 

To make the data transfer and data processing manageable, sets of 24 hour volume scans will be carefully selected to cover diurnal effects (particularly, for anomalous propagation) and for the uniformity of the widespread rain.

Cases from a wide variety of situations and radars will be required to avoid bias due to local tuning of the algorithms and radar scan characteristics.

A limited number of cases with a dense rain gauge network will be used to test the algorithms for the dispersion quality concept.

The Australian Bureau of Meteorology will host a FTP site where the data can be deposited and accessed and will host the RQQI web site. 

Data sets together with an experimental design showing how the data are intended to be used should be arranged with Alan Seed (a.seed@bom.gov.au) who will then place them on the FTP server.  

Clutter identification and in-filling
Data collection
A number of sets of data from radars with different parameters (conventional, doppler, polarization, beam width, rotation rates, resolution, sampling) and different scanning strategies (number of elevation angles and angles) will be collected from around the world (different scan configurations and ground echo effects) where each set comprises the following for each test case: 

· 24-hour sets of volume scan data that have significant echoes from non-meteorological targets (e.g. ground clutter, sea clutter, urban clutter, mountain clutter, anomalous propagation, biological targets, fire) but no rainfall to demonstrate how clean the algorithms can clean the data of artefacts.
· Corresponding 24-hour sets of volume scan data of widespread rainfall to demonstrate how much damage is done to the weather
· Data sets from a variety of situations and radar configurations will be needed to avoid biases.
· Samples of small shallow convective rainfall where the echo top heights are below 4 km to examine how texture techniques can handle sparse data sets
· Some semi-synthetic data sets may be generated by combining clean and clutter-only data sets where the answer is known.
· Specially collected but limited time series data will be collected to intercompare  signal processing approaches using the same metrics
Data analysis 

One set of data with and without echoes from hydrometeors will be used to train the algorithms and the other will be used to generate the metrics that are used for the inter-comparison.    

Relative electrical calibration
Data collection

A number of data sets from pairs (or more) of radars that have a significant area of overlap that is within 60-150 km of the radars will be required. Heterogeneous radar networks are a fact of life so it will be useful to include data from pairs of radars that have different parameters and scanning strategies. Data sets should include the following:

· Rainfall in the common area but no intervening rain or rain at the radar. These data will be useful in removing any effects that are due to signal attenuation from the analysis.
· Heavy rainfall in both the common and intervening areas. These data will be used to evaluate the impact of signal attenuation on the algorithms at C and X-Band.     
· The range of the data can be reduced to examine the dependency on the degree of overlap

Data analysis

For the purposes of this workshop, two radars will be considered to be “calibrated” if the probability distribution functions of the observations in the common area for the two radars are identical.
Data Formats

Data will be provided in their native formats for expediency.   Software to decode the radar formats will be provided on the web site.  Conversion to a common data format will be considered but not contemplated initially.

Workshop details
The first workshop will be hosted by the Met Office (U.K.) in the fall of 2010 or spring of 2011, and will comprise of a summary inter-comparison summary, presentations of data analysis and algorithms by the participating parties with periods of discussion.  No on-site data analysis will be conducted. The size of the workshop is anticipated to be by invitation and expected to be less than 40 people to promote discussion.
Actions

1. Data cases need to be solicited, documented, collated and distributed on the BOM/CAWCR web site. – Joe (solicitation) and Seed (documentation, collation and distribution)
2. Data formats, sample decodes need to be collated and distributed on the BOM/CAWCR web site  - Joe and Seed (shared)
3. A detailed technical document on the metrics computation   - Seed

4. Invitation to potential participants – Joe and Seed/UKMO
5. Data processing - participants 
6. Pre-workshop Inter-comparion Summary – Seed and Joe
7. Workshop – Chairs: Joe and Seed  Local Host: UKMO

RQQI Data Sets/Experiments
Data Set Situations envisioned: 

· urban clutter, 

· rural clutter, 

· mountain top- microclutter [Switzerland]
· valley radar- hard clutter [Whistler]
· intense AP [Tianjin]
· mild anomalous propagation

· intense sea clutter [Saudi Arabia]
· mild sea clutter [Australia]
· convective weather

· low-topped thunderstorms
· wide spread weather

· convective, low topped and wide spread cases with overlapping radars

Selecting different data sets from different radars/countries will produce data sets with different signal processing configurations, scan elevations, samples, etc.
Ground Clutter Mitigation Intercomparison Experiments
Modus Operandi: 

Each system/technique will process whatever data that they can, the more the better in order to provide guidance.   The metric is 
Intercomparisons of GC Techniques (FFT, PP, Fuzzy Logic, NN, olarization, Doppler, simple product, complex) for Different Situations 

(a) compare various techniques for different ground clutter situations.  How well or what is the best can the algorithms work when there is no weather?  Data set is divided into two (training and validation) and the algorithms can be tuned using one particular training data set. Then without additional tuning, the algorithms are run on other data sets.
(b) compare various techniques for different weather situations.  Without additional training, how much damage is done to weather?
Intercomparison of   GC Techniques for Scan Strategy Differences - Number of elevation angles used, density of low elevation angles

(a) compare various techniques,  a few situations vs number of angles used

(b) compare various techniques,  a few situations vs different density of elevation angles used
Note: should be able to extract this as a sub-sect of previous experiments
Intercomparison of   GC Techniques for Data Resolution Differences - PPI Data Resolution (super-resolution vs coarse resolution)

(a) compare various techniques, a few situations vs various horizontal data resolution (quantization, azimuth, bin resolution)
Note: should be able to extract this as a sub-sect of previous experiments
Intercomparison of  GC Techniques for Scan Strategy Differences - Data Quality (Samples/Rotation Rate)

(a) compare various techniques, a few situations vs rotation rates/samples (reflectivity variance, spectral resolution)

Note: should be able to extract this as a sub-sect of previous experiments
Intercomparison under different Weather Conditions
(a) strong summer convection, shallow winter systems, cold convection, tropical situations

Note: should be able to extract this as a sub-sect of previous experiments
Relative Reflectivity Calibration Experiments
Common inter-comparsion techniques include match reflectivities on the boundaries,  match probability distributions of reflectivity in the border area and/or match raingauges.  

What is the best technique to match reflectivities?  
Modus Operandi

Use one technique and compare to the other two for various data sets.

Data Sets/Experiments
Various case of widespread rain, convective and shallow convective with overlap between adjacent radars

Can reduce the range of the data to simulate different degrees of overlap.

Compare adjustment techniques with the different methods, do one then compare quality metric across the boundary of the resulted adjusted fields.
DRAFT

ERAD2010 RADMON Workshop  Proposal

Data Products and Analysis Techniques for Operational Radar and Network Performance
PJ 20090726

The responsibility of the performance of a radar is in the hands of the radar installation and maintenance technicians.  They perform routine maintenance on an individual radar basis.  Radars are now used on a network basis and radar differences still exist in the radar products.  Some of the reasons for the differences are in the product algorithms themselves (for example, combing radar data from two radars at different elevations). In addition, the routine radar maintenance is insufficient to determine whether the radar is performing correctly (e.g., is the elevation angle reported accurately because the ground has re-settled).  

With the ready availability of radar data and products and a focus on radar networks and quantitative use of radar data, data analysts have developed products and techniques to monitor and diagnose the performance of radar networks.  

A two-day workshop, to be held in conjunction with ERAD2010, is proposed.  The purpose of the workshop is to bring together experts who have developed techniques, products and tools to diagnose radar and radar network performance and to quantitatively interpret or correct them in terms of radar hardware (e.g., Transmitter-Receiver switch failure) or product algorithms (e.g., it never rains near the radar).

Topics would include diagnostic products, tools and interpretation for:

· radar network reflectivity or power calibration

· elevation pointing

· antenna platform tilt

· T/R switch failures

· Signal processing configurations

· Rotation Speed / Scan Time

This specialized workshop is unique and sits between the radar maintenance groups and end-users such as forecasters or hydrologists. This workshop will be of interest to data analysts interested in radar networks for sharing their work.  The format of the workshop is a combination of lectures (2-3 on each topic) followed by discussion sessions.

Process

1. We send this out, ask a few people (those that will likely participate) for their feedback, topics and willingness to participate as a presenter, session organizer or even workshop chair

2. Find a European chair or co-chair

3. Send Announcement to solicit papers

4. Set some deadlines

5. Organize program

6. Have fun!

