' WEATHER ANALYSIS
% anp FORECASTING

Applying Satellite Water Vapor Imagery and Potential Vorticity Analysis

- “" -

Patrick Santurette and Christo G. Georgiev




Applying Satellite Water Vapor
Imagery and Potential Vorticity

Analysis
— Du . S51509 SSI1Sm 315
C MGLZ D $$1.509. 3 19317
$Sn. SS9 3N T,

PATRICK SANTURETTE

Forecast Laboratory
Meétéo-France

CHRISTO G. GEORGIEV

National Institute of Meteorology and Hydrology
Bulgarian Academy of Sciences

389/ 4243 N

FUR METEDSO 0 L U. KLIMATOLOGIE
LEIBNIZ UNIVERSITAT HANNOVER )
HERRENHAUSER STR. 2 - 30419 HANNGVER _~

ELSEVIER
ACADEMIC
PRESS

AMSTERDAM e BOSTON e HEIDELBERG ¢ LONDON ¢ NEW YORK e OXFORD
PARIS e SAN DIEGO e SAN FRANCISCO e SINGAPORE e SYDNEY ¢ TOKYO



Contents

Preface ix
Acknowledgments — xi

Introduction X1ii

PART 1 Fundamentals

CHAPTER ONE
A Dynamical View of Synoptic Development 03

1.1 VORTICITY AND POTENTIAL VORTICITY 03
1.2 THE CONCEPT OF PV THINKING 05
1.2.1 The Conservation Principle 05
1.2.2 The Invertibility Principle 06
1.2.3 Climatological Distribution of Potential Vorticity 06
1.2.4 Positive PV Anomalies and Their Remote Influence 07
1.3 OPERATIONAL USE OF PV FIELDS FOR MONITORING SYNOPTIC DEVELOPMENT 08
1.3.1 Upper-Level Dynamics, Dynamical Tropopause, and Tropopause Dynamic Anomaly 08
1.3.2 Synoptic Development as Seen by the PV Concept 10
1.3.3 Jet Streams and Jet Streaks il
1.3.4 Analysis of a Real-Atmosphere Vertical Structure 12

CHAPTER TWDO
The Interpretation Problem of Satellite Water Vapor Imagery 15

2.1 RADIATION MEASUREMENTS IN WATER VAPOR ABSORPTION BANDS 15

2.2 INFORMATION CONTENT OF WATER VAPOR IMAGE GRAY SHADES 19
2.2.1 Layered Moisture Conditions 20

2.2.2 Cold Air Temperatures and Inversions 22
2.2.3 Clouds 22

PART 11 Practical Use of Water Vapor Imagery
and Dynamical Fields

CHAPTER THREE
Significant Water Vapor Imagery Features Associated
with Synoptic Dynamical Structures 27

3.1. INTERPRETATION OF SYNOPTIC-SCALE LIGHT AND DARK IMAGERY FEATURES 28
3.1.1 Moist (light) Features 28
3.1.2 Dry (dark) Features 30




Vi

Contents

3.2

3.3

34.

3.5

3.6

4.1

4.2
4.3

44

MID- TO UPPER-TROPOSPHERE WIND FIELD 41
3.2.1 Interaction of the Jet Stream with a Tropopause Dynamic Anomaly 43
3.2.2 Jet-Stream Breaks 45

BLOCKING REGIMES 47
3.3.1 Blocking Regime Formation in which Easterlies Result from Anticyclogenesis
3.3.2 Blocking Regime Formation in which Easterlies Result from Cyclogenesis

CYCLOGENESIS 53

3.4.1 Cyclogenesis within Baroclinic Troughs—Leaf and Baroclinic-Leaf
Features in the WV Imagery 53

3.4.2 Cyclogenesis with an Upper-Level Precursor 58

WV IMAGERY ANALYSIS OF MAIN INGREDIENTS OF A SEVERE

WEATHER SITUATION 63

3.5.1 Main Features Associated with the Blocking Regime over the Mediterranean
3.5.2 K-Boundary as an Indicator of a “Rolling Over” Upstream Ridge 64
3.5.3 Dry Delta Feature Associated with a Jet Break in the Blocking Regime 68
3.5.4 Leaf Development Producing Instability and Convection 70

3.5.5 Dry Delta Feature as a Precursor of Cyclogenesis 75

SUMMARY 79
3.6.1 Basic Principles in WV Imagery Interpretation 79
3.6.2 Light WV Imagery Patterns—Relation to Dynamical Structures 80
3.6.3 Dark WV Imagery Patterns—Relation to Dynamical Structures 80
3.6.4 Boundary Patterns on the WV Imagery—Relation to Dynamical Structures
3.6.5 Patterns of Interaction Between WV Imagery Features—Relation

to Dynamical Processes 81
3.6.6 Superposition of WV Imagery and Dynamical Fields—A Tool

for Synoptic-Scale Analysis 81

CHAPTER FOUR
Use of Water Vapor Imagery for Assessing NWP Model
Behavior and Improving Forecasts 83

OPERATIONAL USE OF THE RELATIONSHIP BETWEEN PV FIELDS
AND WV IMAGERY 83
4.1.1 Nature and Usefulness of the Relationship 83
4.1.2 Information Content of Vorticity Fields Related to WV Imagery 86
4.1.3 Relationships Among Dry Intrusion, PV Anomalies,

and WV Imagery 87

SYNTHETIC (PSEUDO) WATER VAPOR IMAGES 91

COMPARING PV FIELDS, WV IMAGERY, AND SYNTHETIC WV IMAGES 93
4.3.1 Validating NWP Output by Applying a WV-PV-PWV Comparison 94
4.3.2 Typical Instances of WV-PV-PWV Comparison 98

AGREEMENT AMONG THE WV IMAGE, THE PV FIELD, AND
THE SYNTHETIC WV IMAGE/NWP MOISTURE DISTRIBUTION 100

50

80

47

64



Contents

vii

4.5 INSTANCES OF MISMATCH BETWEEN THE SYNTHETIC WV IMAGE/NWP MOISTURE

DISTRIBUTION AND THE PV FIELD 105

4.5.1 Agreements Between the WV Image and the PV Field 105

4.5.2 Mismatches Between the WV Image and the PV Field as Well as
Between the WV and Synthetic Images 110

4.5.3 Agreement Between the WV Image and the Synthetic Image 112

4.6 MISMATCH BETWEEN THE WV IMAGE AND THE PV FIELD AND AGREEMENT

BETWEEN THE PV FIELD AND THE SYNTHETIC IMAGE/NWP MOISTURE
DISTRIBUTION 120

4.6.1 Secondary Cyclone Development 120
4.6.2 Moist Ascent at Initiation of a Rapid Cyclogenesis 122
4.6.3 Reinforcement of Vortex Development Within a
Cut-off Low System 129
4.6.4 Rapid Baroclinic Cyclogenesis in a Strong Zonal Atlantic Flow 134
4.7 USING SATELLITE AND SYNTHETIC WV IMAGES AND PV
CONCEPTS TO GET AN ALTERNATIVE NUMERICAL FORECAST 139
4.7.1 An Example of Cyclogenesis in a Zonal Atlantic Flow 141
4.7.2 An Example of Upper-Level Forcing of Convection 144
4.8 SUMMARY 151
4.8.1 Comparison Between Water Vapor Imagery and Dynamic Fields
as an Operational Tool 151
4.8.2 Comparing Satellite and Synthetic Water Vapor Imagery with
Potential Vorticity Fields for Validating NWP Output 152
4.8.3 Using Satellite and Synthetic Water Vapor Images and PV Concepts
for Adjusting NWP Initial Conditions to Get an Alternative Numeric Forecast
CONCLUSION 153

APPENDIX A Radiative Transfer Theory and Some Radiation Effects for the
WV Channels of Meteosat, GOES, and MSG 155

A.1 Radiative transfer theory 155
A2 MSG WV channels 160

APPENDIX B Synthetic (Pseudo) Water Vapor Images 165

APPENDIX C PV Modification Technique and PV Inversion to Correct the Initial
State of the Numerical Model 167

APPENDIX D Glossary of Acronyms 169

References 171
Index 173

153



