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Preface

This is a syllabus for radar meteorology courses for weather forecasters. The syllabus is organized in a classical textbook manner, starting from systems and ending in present and future applications. However, it is often more motivating to organize actual courses from viewpoint of the forecaster's actual job: what are the competencies she/he needs in her daily work, and how can they be achieved. 
Additional input will come from the evaluation of a new questionnaire and adaptations according to interests of selected participants in the seminar.
1. Basic principles of weather radar systems

This is a subject fairly well covered by existing textbooks. This chapter is considered as Background knowledge.

1.1 Fields of meteorological applications (general overview)

1.2 Principles of electromagnetic fields

1.3 Radar Bands (C, S, X)

1.4 Block diagram

1.5 The Radar Transmitter & Receiver

1.6 Antenna, radome and beam

1.7 Radar equation
1.8 Principles of Doppler measurements
1.9 Principles of polarimetric measurements
2. Measurement geometry and products

This is a subject fairly well covered by existing textbooks. This chapter is considered as Background knowledge.

2.1 Geometry and its limits

· We live on a ball

· Propagation in the atmosphere: sub fraction...

· Volume scanning: concepts of azimuth, elevation, range: elevation-range-height diagram
· maximum range depending on radar site and blockage
2.2. Products

· glossary about OPERA deliverables: What does they show. 
· Pre-reading

· Classroom only on demand

· Tbd where to put it (glossary) ( topic 1.?

· Product generation
· PPI, CAPPI, Max, PseudoCAPPI, RHI, X-sect, echo-top,

( national realisations
3. Precipitation estimates
This is a short chapter mainly to discuss other users of radar data apart from duty forecasters. Radar does not measure precipitation intensity (mm/h) but backscattered radiation. 
· Received power (W) is converted to reflectivity (dBZ) (radar equation, assumptions made) and that further to mm/h (ZR equation, assumptions made)  z ( dBZ

· Marshal & Palmer RDSD

· z not linear to R

· Typical z-R relations (write as R-z relation?)

· z of snow, graupel, hail
· polarimetric rainfall estimation
· vpr, melting layer (link to problems)
· Gauge comparisons are not straightforward
· Products for nowcasting, hydrology

4. Doppler measurements and applications
· Interpretation of the Doppler velocity

· Recognizing mesoscale structures (rotation, convergence, shear)

· Folding, dual PRF, second trip echos
· Clutter filtering
· Wind profiles (vertical shear, low level jet)
5. Dual polarization

· Background: 

· what is polarization
· particle type and shape 
· Technical notes: Three ways of making dualpol: alternate, star, ldr
· Scientific principles and details

· Measured parameters,:  zdr, ldr, rhoHV, phiDP, KDP
· classification principle, fuzzy-logic

· identification of hydrometeors and non-meteorological targets
6.  Problems in radar measurements and the correction of them

The aim of this chapter is for the forecaster to be able to understand and avoid misinterpretations of non-meteorological targets and other reasons causing phenomena sometimes seen on radar, and also the conditions when you do not see precipitation even when it is there. Also understand the quantitative error sources. 

This is a section which is mainly used as linked background information. Polarimetric information has to be considered. 
6.1 echoes not correlating with hydrometeors
· Birds, insects and other biological targets

· Ships, planes, chaff and other man-made targets

· Sea clutter

· Ground clutter

· Anomalous propagation

· Second trip echoes

· Flare echoes (three-body scattering)

· Interference

· Side lobe contamination

· Sun
· Wind farms(material from OPERA)
6.2 cases when precipitation exists and radar does not see it
· Total beam blocking

· Total beam overshooting

· Attenuation

6.3 effects influencing QPE
· Partial beam blocking

· Attenuation

· Folding (range and velocity)

· Vertical profile of reflectivity, bright band, partial beam overshooting (specially in TOPS)
· Evaporation, overhanging precipitation, virga

· Arcs and rings due to CAPPI interpolation
7. Diagnosis of weather phenomena

7.1. Fronts
The aim of this chapter is for the forecaster to be able to analyze and short term forecast of significant precipitation (intensity and type snow/rain/fzra, icing, shear, embedded convection, location of the front).
· Structure (illustrated with cross sections)

· Radar products max, tops, CAPPI look different

· Precipitation type changes

· Rapid change in temperature: icing for aviation (link to bright band)

· Embedded convection

· Shear

· Link to hydrometeor classification by dual polarisation
· Diurnal variation: cold fronts intensifying 
· Effects of the underlying surface: sea/land, orography

7.2. Deep convection cells (also “embedded”, seeding, link to nowcasting)

The aim of this chapter is for the forecaster to be able to analyze and short term forecast of significant precipitation hail/) graupel, shear, squall lines, location of the front, diurnal variation, life cycle
· Rain bands, bows echoes, hook echo (examples, film loops)
· MCS, derecho

· Typical patterns
· Convergence, downbursts, rotation, etc
· Height of maximum echo
· stationary showers

· Elevated echo through nomogram threshold height (hail) What does this mean?

· Low-level convergence through depth under elevated echo (sustained updraft)
· Rapidly descending elevated core (damaging wind)
· Deep, persistent low-level convergence associated with mid-level rotation (Supercell with potential for tornado - damaging wind)
· WER / BWER (organised convection / supercell)
· Hook echo (supercell)

· Hail flare
· Low-level reflectivity gradient on storm-relative inflow flank (organised convection / supercell)
· Anomalous storm motion identified (organised convection)
· Slow storm motion (possible flash flooding)
· Passage of a number of cells over a location (possible flash flooding)
· Bow–wave echo or Line Echo Wave Pattern (damaging wind)
· Damaging/destructive winds associated with FFD, RFD in velocity data
· Storm top divergence in velocity data (powerful updraft indicator - hail)
· Persistent mid-level rotation in velocity data associated with updraft (supercell)
· Low-level rotation in velocity data (potential tornado /damaging winds)
· Mid-level convergence in velocity data (downburst / damaging winds)
· Low-level divergence in velocity data (downburst / damaging winds
· Pertinent low-level boundaries identified:
· Assess speed of movement, depth, anticipate effect on convection
· Add: features in polarimetric products and hydrometeor classification

7.3 Drizzle and other shallow precipitation events (link problems)

The aim of this chapter is for the forecaster to be able to analyze and short term forecast these events if possible. Estimate at what range you can determine them. 

· Different drizzle DSD compared to rain

· Geometry (beam overshooting)

· Sensitivity, minimum detectable signal (link to radar equation: particle size matters!)
· Data threshold (application specific, seasonal, location specific: how weak echoes are shown in this product?)
· Usefulness of polarimetric information ???

 7.4 Precipitation and orography
· Geometry (beam shielding, blocking, overshooting)

· Radar site in complex terrain

· Orographic enhancement below radar beam
· Usefulness of polarimetric information ???

8. Radar-Nowcasting

8.1 Techniques

· Manual techniques

· Automatic phenomena detection (hail, shear, gust front)  

· Automatic extrapolation techniques (motion vectors from autocorrelation, motion vectors from NWP-models)
· Motion vector is not the same as Doppler wind

· Which technique is used in which system (Titan, Warning Decision Support System, ..)
· Combination with other data sources (Sat, lightning detection, soundings, NWP, OBS)
· Combination of different data types (projection, different measurement times)

8.2 Movement, development, lifecycles

· Conceptual models (convection, summer)
· single, multi, super cell, squall line, MCC
· Conceptual models (frontal, winter)

· melting zone (e.g., bright band)

· low stratus, inversion

8.3  Assimilation to NWP 

· Briefly mentioned

8.4. Use of radar data in mesoscale analysis and warning systems
· Briefly described

Appendix: Terminology
· see Meischner (textbook) & Sandra Yuter 19 pages (encyclopaedia)
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