Contents

Part I. Measurement of precipitation..................................o

Chapter 1 — The 2D-Video-Distrometer ....................cccovevennnn.
Michael Schonhuber, Giinter Lammer, Walter L. Randeu

L1 INtrOdUCHON. .....iiiiieiieiieieeee ettt
1.2 About diStrometer tYPEeS......ccveerueertieriierieeieenieeseesieeeee et
1.3 Principle of measurement by 2D-Video-Distrometer ....................
1.3.1 Design of the inStrument ............cccveeveevvereereerrennesneeneenns
1.3.2 Measurable and derived quantities.............cceeeverververueennenn
1.4 Current implementation ............ccueeeeveeeiveerieeeeeeesiee e eereeevee e
1.4.1 SPecifiCations ........ccverveerierrerrirriereereesreesreesreeseaeseneeene e
1.4.2 Maintenance procedures...........ccverueerreereervervenveenreesseeneeens
1.5 EXPETICNCES ...cueiuiieiiieiieiieite sttt ettt ettt et e
1.6 Scientific METILS ....ceouieiieiieiieriie et
1.7 OULIOOK ..ot
RETEICINCES. ... oiiiiiiiiiiiecee ettt et

Chapter 2 — Using vibrating-wire technology
for precipitation measurements.................ccccceei i,
Claude E. Duchon

2.1 TNrOAUCHION. ...ttt
2.2 Principles of OPeration.........c.cccueecvverieerieenieneeeie e eie et seee e
2.3 Description of field site and data acquisition.............cceeeeveeruennen.
2.4 Advantages of using three vibrating Wires............ccceeevveerveerneeenne.
2.5 Calibration-verification..........coceeeeererienierieeiere e
2.6 Temperature SeNSItiVILY......ccoevieeirerieereesiesie e
2.7 Rain rate eStMAation .......c.cceeoueriirieerieenieenee et
2.8 Very low precipitation €VENLS .........cccvevvereveevveerieereerieesresnesnennnes
2.9 SUMMAIY ..coitiiiiiiiirieeeeeeeent ettt sttt et



XXII  Contents

Chapter 3 — Measurements of light rain, drizzle

and heavy fog ... 59
Ismail Gultepe
3.1 INtrodUCHION......ccciiieeiie ettt e e e 59
3.2 FRAM field projects and obServations ............ccceeeveecveecvreseeenneenenn. 62
3.2.1 FDI2P measurements ...........ccceeeeecuvereeecieeeeeiieeeeeiveee e 63
3.2.2 VRGI01 measurements ............cceeeeuvvvrreeeeeeiciinireeeeeeeeeennnns 64
3.2.3 POSS MEAaSUICMENLS .......eeervrreeieeriieeiieerreeeieeesereesneeeenes 65
3.2.4 Total Precipitation Sensor (TPS) measurements ................ 67
3.2.5 FMD and CIP measurements ..............ccoeeeeeeeeveeeeecuveeeeennen. 68
3.3 ANALYSIS c.oeiieiiiiciie e 68
3.4 RESUILS....uiiiiiciieiieiteteerte ettt ettt ae b e e ss e e b e esseeseae 69
3.4.1 Case StUAICS.....uueeeeeiiieeeeiiee ettt e e 69
3.4.2 Overall cCOMPATISONS .....ceeervieeriireriieeiieenreenreeeeeeesveeeeneas 70
3.5 DISCUSSION....cctiiiieiieririerieteesteesteeseresereesreesseesseesseesssessseasseesseessees 73
3.5.1 Light precipitation and drizzle measurements .................... 75
3.5.2 Visibility calculations ..........cccceveeriiniiiiieiiceeseeee 75
3.5.3 UNCETtAINLIES ...oeeveveeeeiireiieeevieeiieesreeeiveeereeeseeeeveeesseeeenas 78
3.6 CONCIUSIONS.....ccouiiiiiriieiiieciee ettt et ettt et eveeeeane s 79
RETCIENCES. ... 80

Chapter 4 — The Droplet Spectrometer — a measuring
concept for detailed precipitation characterization................. 83
Sebastian Glasl, Magnus Anselm

4.1 INtrOUCHION. ...c.uieiiiieiiee et 83
4.2 Physical DasiS.......ccceeueeeiieriieiierierieeie et 84
4.2.1 Drop size calculation............cceeceeriieiieiiieiienienee e 84
4.2.2 Calibration........cccceeriiiiiiiiieieieeee ettt 86
4.3 The Measuring CONCEPL .......eruerrerieriierienieeienieeieeee st ete e eeeenee e ene 87
4.3.1 The droplet SENSOT.......ceevierierieeiieieeeeieeste st 87
4.3.2 The software ‘Rainalyser’ .........ccceevveevcrieiiieeniiecree e, 89
4.4 Discussion and appliCations..........c.cecververcveerreereereereesvesnescnenenes 93
4.4.1 MeaSUIing TANZE........eecveerrrerreerrierirerreereeseesseesseesaessessseens 93
4.4.2 Influence of Wind ........ccoovieiieiieniiiiieeeeeeesee e 94
4.4.3 Drop shapes and drag coefficient...........ccccovvvvveiercirncrennnnns 94
4.4.4 Significance of the impulse of the drops..........cccecvvevueeneene. 94
4.4.5 Application possibilities.........ccouerrureriienieeniieniesienie e 95
4.5 Future plans and iMProvemMents...........ccueerveeerveerveercreessveesveeennes 96
4.0 APPENAIX..iiiiiiiiiiieriieriieeieere et et et e seesbesaeesbeeseesraessressaessneannas 97

RETETEIICES. ..t e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeneeeeas 99



Contents  XXIII

Chapter 5 — Quality control of precipitation data................... 101
Thomas Einfalt, Silas Michaelides
5.1 INtrodUCHION. c...eiiiiiiiieieeeet et 101
5.2 Quality Control of rain gauge data...........c..cceevevvveeviieenieeerene, 102
5.2.1 Gapsinthe data.......cccocevieviieiienienieeie e 103
5.2.2 Physically impossible values.........cc.cccoeeriieiienieniennee. 103
5.2.3 Constant values ........ccoceerierieriiiiiiieieeeeee e 103
5.2.4 Values above set thresholds ..........ccocvvevieiiiiieiienieee, 103
5.2.5 Improbable zero values .........ccccoeceererriieiiieeieeeeeeceee, 104
5.2.6 Unusually low daily values...........cccoeeevreviienciieiieenieens 104
5.2.7 Unusually high daily values.........c.ccccvevveviereenierrenreenn. 104
5.2.8 Data check time Series.........ccevverierreeiieeieeieesee e 104
5.2.9 Station data qUality.........ccceeveeieiciieiiiieeee e 105
5.2.10 Generalization and future Work............ccoeevvrevvncivevieenieennen. 106
5.2.11 Conclusion: what can we do automatically?..................... 106
5.3 Quality Control of radar data...........cccccvevvevieeiienieie e 106
5.3.1 Data Quality report of COST 717 ...covvieiiniiiiiiieeene 107
5.3.2 EITOT SOUICES ....eouvieniiiiiiniiieiieeieeieeniee sttt 108
5.3.3 Data Quality IndeX ......c.cccvevrimriieriierieiie e 111
5.3.4 Correction methods.........cooceiriiiiiiniinieniecceeeeee, 114
5.4 Future developments...........cceeevieerierieerieniesre e eieeseeeseaesenesene e 123
RETEIENCES. ... iiiiiiie ettt e eee s 123
Part Il. Estimation of precipitation..................................... 127
i. Space estimation ..., 129
Chapter 6 — Global precipitation measurement.................... 131

Arthur Y. Hou, Gail Skofronick-Jackson, Christian D. Kummerow,
James Marshall Shepherd

6.1
6.2
6.3

6.4

6.5

INtrOAUCTION. ¢t 131
Microwave precipitation SENSOTS .........cccveeeveerreerieereerrenreeeeeneens 135
Rainfall measurement with combined use of active

and passive teChNIQUES........c.eeervieeeiieiiiieciee et eee e 140
The Global Precipitation Measurement (GPM) mission.............. 143
6.4.1 GPM mission concept and Status ..........cceceeveereereeneennee. 145
6.4.2 GPM core sensor instrumentation..............cceeveveeeeeveenenennn 148
6.4.3 Ground validation plans...........ccecceereveevveerieereeneereesneeenes 151
Precipitation retrieval algorithm methodologies............c.ccen...n. 153
6.5.1 Active retrieval methods .........cccoceeiiiiieniininiiieeee. 155

6.5.2 Combined retrieval methods for GPM..........ccccovvvennnne... 157



XXIV  Contents

6.5.3 Passive retrieval methods..........ccccoovvvivvveiiiiiiiiieeeeeeee 159
6.5.4 Merged microwave/infrared methods ............ccceevevveiennnen. 160
6.0 SUIMIMATY ..ceovtiiiiiiiiiiieeite ettt ettt ettt ettt e st e st eeneeee s 162
RETEIEICES. ...eviiiiiiieeeeeee et 164

Chapter 7 — Operational discrimination of raining

from non-raining clouds in mid-latitudes using

multispectral satellitedata ... 171
Thomas Nauss, Boris Thies, Andreas Turek, Jorg Bendix,

Alexander Kokhanovsky

7.1 INtrOAUCHION. .. .eitietieiiieet ettt 171
7.2 Conceptual model for the discrimination of raining from
non-raining mid-latitude cloud systems..........ccccocceverernienenennee. 172
7.3 Retrieval of the cloud properties using multispectral
ALt data ....c.eeiiiieeieeeee e 173
7.4 Application of the conceptual model to Meteosat Second
Generation SEVIRI data.........ccccccvieviiieeiiiiciieceeeeecee e 175
7.4.1 The daytime approach.........c.cccccevevveerciieiiieerieeeiee e 175
7.4.2 The night-time approach ..........cccceevvverrercreecriecieeiieseeneens 178
7.5 Evaluation of the new rain area delineation scheme.................... 183
7.5.1 Evaluation study using daytime SCenes...........ccceeevveeruvenns 184
7.5.2 Evaluation study using night-time scenes......................... 186
7.6 CONCIUSIONS. .....eoiuieuiiiiitieiieteetee ettt 188
REfOIONCES. ....eviiiiiieiee e e 190

Chapter 8 — Estimation of precipitation from
space-based platforms................c.ccccooiiiiiiiiiii, 195
Itamar M. Lensky, Vincenzo Levizzani

8.1 INtrodUCLION. .....ovieiieiieiieie et 195
8.2 Estimating rainfall from Space..........cccceveeviiiiiiiiiiiieseeeeee 196
8.2.1 VIS/IR oot 197
8.2.2 PasSiVe MICTOWAVE .......cceeruerueeierieeeieienieeeeeee e eeeeeseeeneas 198
8.2.3  ACLIVE SEIISOTS ....euvieuieiieiieiieiieienttete et eee st eeee e 200
8.2.4 Blended techniques .........ccceevieriieiiesiieiieriesee e 202
8.3 Retrieval of precipitation formation processes using
microphysical data...........cceeveerienierieriecceeeee s 205
8.3.1 Rain estimates using microphysical considerations.......... 205
8.3.2 Retrieval of precipitation formation processes ................. 207
8.3.3 Future developments.........cccecververriecrieniienrieniesnesveesneens 212
8.4 ADDIEVIATION ...ouviiiiniiiieiiiiietee et 212

RETEIENCES. ..o 213



Contents XXV

Chapter 9 — Combined radar-radiometer retrievals
from satellite observations................ccoooveii oo 219
Mircea Grecu, Emmanouil N. Anagnostou

L0 B 115 g Yo 11 el o) o HORRRR PR 219
9.2 Back@round.........cceeuieriieriiiiieieere ettt 220
9.3 General formulation..............ocovereeeivereeeireeeeecree e e e 223
9.4 Concluding remarks ...........coceeieereriiriiieeeeeee e 228
RETEIENCES. ... 228

Part Il. Estimation of precipitation
ii. Ground estimation .............cooooiiiimeeeeeeee e 231

Chapter 10 — Rain microstructure from polarimetric
radar and advanced disdrometers ..............ccooooveiveiiiiiieeiiein, 233
Merhala Thurai, V. N. Bringi

10.1  INtrOdUCHION. .....cciiiriee et e 234
10.1.1 Background ..........cccovieniiiiiiiieiieieieee e 234
10.1.2 Rain microstructure: relevance ..........cccoeevvveeeeeeeeeeinnnns 235
10.1.3 Relating rain microstructure to polarimetric radar

INCASUTCINICNTS ...eeiieeeeeeeeeeeeeeeee e naaannnnes 238

10.2 Drop size diStribUtiONS .........eeevieeriieriieeiieeiee e eieeeeveeevee e 242
10.2.1  Variability ....ccoccveevieeiieierieceecreere et 242
10.2.2 DSD mMOEIS ....ovvveiieiieeeeeeeeeeeeee e 243
10.2.3 DSD estimation from polarimetric radar

MEASUTEIMIENES ......vvvvvveeieeeeeeeieeeeeeeeeeeeirereeeeeeeeeeeaneeeeeess 248
10.2.4 DSD estimation from advanced disdrometers............... 254
10.2.5 Global DSD characteristiCs .......c.uvvveeeeviiiieeeeeeeeeeeiinnnnns 257
10.2.6 Seasonal variation ..............coeeveveeeeeeeeeiiiieeeeeeeeeeeeneeeenns 259

10.3  DIop ShapeS.....cccveecvieriieriieiieerierieereesresreereeseesseeseeeseseessaesseens 263

10.3.1 Axis ratio measurements from an artificial rain

194015 011115 1| SRS PRUUSRUR 263
10.3.2 DIOpP CONTOUTS.....veeriireiiieeiieeniieerieeesereesreeseeeesneeenneens 265
10.3.3 Consistency with polarimetric radar

INCASUTCINCNTS ...eeeeeeeeeeeeeeeeee e e eeaanenannns 268

10.4 Drop orientation angles..........cccueeveveercieeenieenciieeieesieeereeeeneenes 269

10.5 Fall VEIOCITIES ...ceoouvveeeeceiriee ettt 274

10.6 SUIMIMATY ..ceiniiieiiiiiiiieeiiie ettt sttt st et esbeeesabee e 276

REfEIENCES...cooiiiiiiiiiii 279



XXVI  Contents

Chapter 11 — On the use of spectral polarimetry to

observe ice cloud microphysics withradar.............................

Herman Russchenberg, Lennert Spek, Dmitri Moisseev,
Christine Unal, Yann Dufournet, Chandrasekhar Venkatachalam

T1.1 INtrodUCHION. .....cueeuiiiiiiiiieiccceee e
11.2 The concept of spectral polarimetry ...........cccceeeeevererciencrcenens
11.3 Microphysical model of ice particles..........ccceeveereeniriirnirenenns
11.3.1 The shape of ice Crystals .........cccceeviereeriierrerresreeerenn
11.3.2 Canting angles of ice crystals........cccceverveneneenenennnn.
11.3.3 Mass density of ice crystals.........cceeeeereeiieiieiiieieeies
11.3.4 Velocity of ice crystals........ccceevviercriieniienieeeeeeeieeee
11.3.5 Bulk parameters .........cccceeveeveereeriesneereereesieeseeesenenens

11.4 Radar observables of ice particles..........cccoveeriiriiiieiiieieeee

11.5 Retrieval of microphysical parameters ...........ccocvereveeeereeenneenns

11.5.1 Dependence on DSD parameters of plates and
AGEICZALCS.....ooviiiiiiiiiiiiiiiii

11.5.2 The curve fitting procedure............cccereereerierieeneeniens

11.5.3 Quality of retrieval technique............ccccveevvveeeeeenneennne.
11.6 Application to radar data............ceceverienininieniieeeeseee
11.6.1 Retrieval algorithm results...........cccceereeriiiiiieiieees
11.6.2 Comparison of IWC with LWC .........ccceovvevciieieen.
11.6.3 Relation between IWC and reflectivity..........cccovvnneenn.
11.6.4 Influence of the shape parameter of the DSD ...............
11.7 Summary and CONCIUSIONS .........cecvrerveererieeriieeiie e erreeeeneenes
REfETENCES. ...t

Chapter 12 — Performance of algorithms for rainfall
retrieval from dual-polarization X-band radar
MEASUIEMENTS ........ccoooiiiiiiiiiiic s
Marios N. Anagnostou, Emmanouil N. Anagnostou

12,1 INtrodUCHON. co.eeteeiieie et
12.2 X-band dual-polarization SYStems ........c..ccccerereereererseeneneennns
12.3 Attenuation correction schemes for X-band
dual-polarization radar observations.............ccceeeveereveesenieenneenns
12.4 Rainfall estimation algorithms............cccccuevevererierienienienre e
12.4.1 Review of microphysical retrieval algorithms..............
12.4.2 Rainfall retrieval algorithms ..........cccceevveviiencieeieene,
12.4.3 Daata..ciiiiiiiiieeieeieee et



Contents XXVII

12.5 Algorithm evaluation .........c.cccccveeviieeciieecieeeciee e 328
12.5.1 Evaluation of the DSD retrieval techniques.................. 329
12.5.2 Evaluation of rainfall retrieval techniques..................... 333

12.6 ClOSING TE€MATKS ....ccvviiiiiiiiiiieeiieeeieeeieeeveeeteeesveeereeeeveesaseaens 337

RETETENCES ...t 337

Part Il. Estimation of precipitation
iii. Underwater estimation.......................... 341
Chapter 13 — Underwater acoustic measurements

ofrainfall ... 343
Eyal Amitai, Jeffrey A. Nystuen

13.1 INtrodUCHION ......oevieiieiieiie et 343
13.1.1 Why measure rainfall at sea? ..........cccccecvveveiiercreeennnnnne, 343
13.1.2 Why listen to rainfall underwater?.............ccoceeeeerennne. 344
13.1.3 What instrumentation is used to measure rainfall

AL SCAT .ttt 344
13.1.4 Using sound to measure drop size distribution
AN TAIN TALC....eeveeieieiieiere et 345

13.2 Listening to rainfall in a shallow water pond .............cccceeneenee. 348

13.3 Oceanic field studies of the acoustic measurement
of rainfall ........cocoiiiiiii 349

13.4 Listening to rainfall 2000 meters underwater — the lonian Sea
Rainfall EXperiment.........cccoeeveeveiieiriieniieeieesiee e eevee e 350
13.4.1 Rain type classification and wind speed estimates........ 358

13.5 Conclusions and outlook............cccceereerieniiiniiiiiieceeeceee, 360

RETEIENCES ..ot 361

Part lll. Prediction of precipitation ..........................ccoooee 365

Chapter 14 - Probabilistic evaluation of ensemble
precipitation forecasts..................c.coceoiieiiii 367
Bodo Ahrens, Simon Jaun

14,1 INtrodUCHION. .....cveuiiieiieiiicriceeteeceeee s 367
14.2 Rain station precipitation data ...........c.cceceevererneninienieneeenen. 370
14.3 Forecast data by the limited-area prediction system
COSMO-LEPS ...ttt 371
14.4 Observational Teferences. .........coceevveruereereniesienenieeeceeseeaen 373

14,5 SKIIL SCOTES .. 376



XXVIII  Contents

14.6 Results and diSCUSSION .......uuueeueeeiii e 379
14,7 CONCIUSIONS. ...ttt eeeeeeeeeeeeeeeeeenennne 384
RETETEIICES. ..t e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeas 386

Chapter 15 — Improved nowcasting of precipitation
based on convective analysis fields...................cccoccccoein. 389
Thomas Haiden, Martin Steinheimer

15.1 INtrOdUCHION.....ccviiiieiieiieriie ettt ettt eee et e sseeseaesene e 389
15.2 The INCA SYSEEIM .....veeevieiieiiesiieeeieeieeieesreeseeeseresereeveesveessaeens 393
15.3 Advection fOrecast .........cevueriiiiieiienienieseeeeee et 397
15.4 Convective analysis fields .........cccocoeeriniiiiiiiire 401
15.5 Cell evolution algorithm ............cceecverierieniiiiieeeeeee e 403
15.6 Verification and parameter SenSitivity .......cceccveevveerreerreerieerenenen 407
15.7 Orographic effects in convective initiation.............ccceeeveeeneennns 412
15.8 CONCIUSIONS.....cviiiiriieiiieciieeciee ettt et e et e e ev e sereeeaae e 415
RETEIENCES. .. eouiieiiieie ettt et 416

Chapter 16 — Overview of methods for the verification
of quantitative precipitation forecasts ..................................... 419
Andrea Rossa, Pertti Nurmi, Elizabeth Ebert

16.1  INtrodUCHION. ....evieieieieiieie et 419
16.2 Traditional verification of QPF and limitations for high
resolution Verification ..........ccceveereerieniiiiiiie e 423
16.2.1 COMMON SCOTES....eervrreririerireenireesieeenireesieeenieeesveeenanes 424
16.2.2 The double penalty iSSUC........cceevveerierierieeieeieeieeieens 429
16.3 Scale-dependent teChNIQUES..........ccvevverrircrieriieriiesiesre e 433
16.3.1 Neighborhood methods..........ccceeveviieviiinciiecieeieee, 433
16.3.2 Spatial decomposition methods............ccccvereerienennennn 437
16.4 Object and entity-based techniques ............ccceveeverercienencennene 438
16.5 StratifiCation ......ccceeeeierieierieeeee e 440
16.5.1 Seasonal, geographical and temporal stratification....... 441
16.5.2 Weather-type dependent stratification ..............ccccceueee. 442
16.6 Which verification approach should [ use?............cccceceevercene. 448

RETEICNCES . ..ccoiiiieeeeee et e e e e e e e e 449



Contents  XXIX

Chapter 17 — Objective verification of spatial
precipitation forecasts..................c..ccoooiiii 453

Nazario Tartaglione, Stefano Mariani, Christophe Accadia,
Silas Michaelides, Marco Casaioli

17.1  INtrodUCHION. ....ceieiieiieieeeeee et 453
17.2 The problem of observations in objective verification .............. 456
17.3 Use of rainfall adjusted field for verifying precipitation ........... 458
17.4 Statistical interpretation of position errors as derived

by object-oriented methods ..........cceeveevierieeciieiiieieeeeeee, 461
17.5 Assessing the difference between CMS indices from two

different forecast SYStEMS ........cceeccveeeeeeeriieeiieerieeeieeevee e 466
17.6 CONCIUSIONS.....euieeieiieiieiieeeste ettt st 467
RETEICNCES ...ttt 469

Part IV. Integration of measurement, estimation and
prediction of precipitation...................c.cocoooiiiiii, 473

Chapter 18 — Combined use of weather radar

and limited area model for wintertime precipitation

type discrimination ...................c.ccooiiiniii 475
Roberto Cremonini, Renzo Bechini, Valentina Campana,

Luca Tomassone

18.1 INtrodUCHION.....coitiitiiiiiiii ettt 475
18.2 Data source and precipitation type discriminating algorithms.....478
18.2.1 Data SOUICES ...coveereeiieiiiniienieeteeteeteeniee e 478
18.2.2 Precipitation type discriminating algorithms ................ 480
18.3 Algorithm’s validation ...........ccceeeviieriieeniieciie e 482
18.4 RESUILS...cuiiieiieiieieei et 485
18.4.1 Ground network 2 m air temperature ............cc..ccuveenee. 485
18.4.2 LAMI freezing level........ccovvvveviienieniiniecie e 486
18.4.3 LAMI wet-bulb temperature ...........cccceevververireereeenennn 488
18.5 Summary and CONCIUSIONS .......cevvveviriiieiieriienierie e eieeneeens 489
RETEIENCES. ...uviiiiiii e e 490

Chapter 19 — Adjusting ground radar using space
TRMM Precipitation Radar....................c.oooooiiiiiiiiiie, 493
Marco Gabella, Silas Michaelides

19.1  INtroduction........cc.coueieieiiiniinicnicccceeeeeeee e 494
19.1.1 Monitoring hardware stability and measurements’
1eProdUCTIDILILY ..ooveeeieeiiieie e 494

19.1.2 Calibration versus absolute calibration ............ccc......... 494



XXX  Contents

19.1.3  AdJuStment..........cecueeiiieniienieiiieie et 495
19.1.4 Why to adjust Ground-based Radar (GR) data?............ 496
19.2 Radar/Gauge factor: range-dependence as seen by gauges ....... 497
19.2.1 Adjustment not directly related to physical
VATIADIES ...t 498
19.2.2 Adjustment factor related to some physical
VATIADIES ..c.eviiniieiieiiieee e 499
19.3 Comparing ground-based and spaceborne radar........................ 500
19.3.1 Range-dependence as seen by the TPR......................... 501
19.4 Instrumentation and data description............ccceevevverveeernveenneenns 503
19.4.1 The TRMM Precipitation Radar (TPR) ............c.......... 503
19.4.2 The Ground-based Radar (GR) in Cyprus .................... 504
19.5 RESUILS ..ot 505
19.5.1 Bias and range-dependence derived from single
OVETPASSES ..vveenveeenreerireeenueeesteeaaseeesseeessseesnseesaseeesaseess 505
19.5.2 A robust range-adjustment equation: integrating
INOTE OVEIPASSES ...vvveeereeerereerereeeereesseessseeesssesessseessseens 507
19.5.3 Comparing TPR and GR echoes...........ccccevververreennnne. 508
19.6 Summary and lessons learned...........ccccoeevevienieniinienieeieeiens 510
RETEIENCES. ...cetieiiieiie ettt s 512

Chapter 20 — Implementing a multiplatform

precipitation experiment..................ccoo 515
Giovanni Perona, Marco Gabella, Riccardo Casale
20.1 INtrOAUCLION.....ccuiiiiieieeieerieeeie ettt et eseee e eeae e 515
20.1.1 Scientific/technological objectives of the
VOLTAIRE Project...cccccieecuieiiiienieeerieeieesieeeiveeseneens 517
20.1.2 Project organization ...........c.ecceevveerreerevesvenrensseesseennnens 518
20.2 VOLTAIRE project summary and recommendations ............... 520
20.2.1 SUMMATLY ...viiiiieiiieeeiie e eere e sreeeaeeeeenas 520
20.2.2 Main lessons learned...........ccccoeeeveiinieneneeeeeeene 523
20.2.3 Recommendations..........ccccververrenieeieenieenieeseeesnesnenns 524
20.3 VOLTAIRE technical conclusions...........cccccceeeviienieescreeennnenns 526
20.4 Outlook for QPE using radar ..........c.cceeeveeeriieiciieeieeriee e 527
20.4.1 Where we stand today .........cccceceevereniieninieneneeienee 527
20.4.2 Proposed solution: use of many inexpensive,
redundant, short-range radars...........cccoeeveevvrerieeeenneens 528
20.5 General CONCIUSIONS ......ccuevuieiiriieiieieieeese e 529
20.0  APPENAIX..itiiiiiiiitiiieiiitee ettt 530
RETEICNCES. ....eiiiiiiiiii ittt e 530
AULROT INAEX........ccooiiiiiiicccc e 533

Subject iNdeX ..............ooooiiiiie 535



2 Springer
http://www.springer.com/978-3-540-77654-3

Precipitation: Advances in Measurement, Estimation
and Prediction

Michaelides, S.C. (Ed.)

2008, XX, 540 p., Hardcover

ISEM: 978-3-540-77654-3



