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Klaus Pfeilsticker, Thomas Röckmann, Anke Roiger, Fred Stroh,
Jonathan Williams, and Helmut Ziereis

3.1 Introduction 77
3.2 Historical and Rationale 81
3.3 Aircraft Inlets for Trace Gases 83
3.4 Examples of Recent Airborne Missions 84
3.5 Optical In Situ Techniques 86
3.5.1 UV Photometry 86
3.5.2 Differential Optical Absorption Spectroscopy 88
3.5.2.1 Measurement Principle 88
3.5.2.2 Examples of Measurement 91
3.5.3 Cavity Ring-Down Spectroscopy 95
3.5.3.1 Measurement Principle 95
3.5.3.2 Aircraft Implementation 98
3.5.3.3 Calibration and Uncertainty 99
3.5.3.4 Broadband Cavity Spectroscopic Methods 101
3.5.4 Gas Filter Correlation Spectroscopy 103
3.5.5 Tunable Laser Absorption Spectroscopy 104
3.5.5.1 Tunable Diode Versus QCLs 105
3.5.5.2 Further Progress 106
3.5.6 Fluorescence Techniques 107
3.5.6.1 Resonance Fluorescence 107
3.5.6.2 LIF Techniques 107



VIII Contents

3.5.6.3 Chemical Conversion Resonance Fluorescence Technique 112
3.6 Chemical Ionization Mass Spectrometry 120
3.6.1 Negative-Ion CIMS 120
3.6.1.1 Measurement Principle and Aircraft Implementation 121
3.6.1.2 Calibration and Uncertainties 121
3.6.1.3 Measurement Example 123
3.6.2 The Proton Transfer Reaction Mass Spectrometer 123
3.6.3 Summary and Future Perspectives 129
3.7 Chemical Conversion Techniques 131
3.7.1 Peroxy Radical Chemical Amplification 131
3.7.1.1 Measurement Principles 131
3.7.1.2 Airborne Measurements 132
3.7.1.3 Calibration and Uncertainties 133
3.7.2 Chemiluminescence Techniques 137
3.7.2.1 Measurement Principle 137
3.7.2.2 Measurement of Ozone Using Chemiluminescence 138
3.7.2.3 NOy and NO2 Conversion 139
3.7.2.4 Calibration and Uncertainties 139
3.7.2.5 Measurement Examples 141
3.7.2.6 Summary 142
3.7.3 Liquid Conversion Techniques 143
3.7.3.1 Measurement Principles 143
3.7.3.2 Aircraft Implementation 144
3.7.3.3 Data Processing 145
3.7.3.4 Limitations, Uncertainties, and Error Propagation 146
3.7.3.5 Calibration and Maintenance 146
3.7.3.6 Measurement Examples 146
3.7.3.7 Summary and Emerging Technologies 147
3.8 Whole Air Sampler and Chromatographic Techniques 147
3.8.1 Rationale 147
3.8.2 Whole Air Sampling Systems 148
3.8.2.1 Design of Air Samplers 148
3.8.2.2 The M55-Geophysica Whole Air Sampler 149
3.8.3 Water Vapor Sampling for Isotope Analysis 150
3.8.4 Measurement Examples 150
3.8.5 Off-Line Analysis of VOCs 152
3.8.5.1 Air Mass Ageing 153
3.8.5.2 Using VOC Observations to Probe Radical Chemistry 154

4 In Situ Measurements of Aerosol Particles 157
Andreas Petzold, Paola Formenti, Darrel Baumgardner, Ulrich Bundke,
Hugh Coe, Joachim Curtius, Paul J. DeMott, Richard C. Flagan,
Markus Fiebig, James G. Hudson, Jim McQuaid, Andreas Minikin,
Gregory C. Roberts, and Jian Wang

4.1 Introduction 157



Contents IX

4.1.1 Historical Overview 157
4.1.2 Typical Mode Structure of Aerosol Particle Size Distribution 159
4.1.3 Quantitative Description of Aerosol Particles 159
4.1.4 Chapter Structure 162
4.2 Aerosol Particle Number Concentration 164
4.2.1 Condensation Particle Counters 164
4.2.2 Calibration of Cut-Off and Low-Pressure Detection Efficiency 166
4.3 Aerosol Particle Size Distribution 168
4.3.1 Single-Particle Optical Spectrometers 168
4.3.1.1 Measurement Principles and Implementation 169
4.3.1.2 Measurement Issues 172
4.3.2 Aerodynamic Separators 174
4.3.3 Electrical Mobility Measurements of Particle Size

Distributions 176
4.3.4 Inversion Methods 181
4.4 Chemical Composition of Aerosol Particles 184
4.4.1 Direct Offline Methods 185
4.4.2 Direct Online Methods (Aerosol Mass Spectrometer,

Single Particle Mass Spectrometer, and Particle-Into-Liquid
Sampler) 191

4.4.2.1 Bulk Aerosol Collection and Analysis 191
4.4.2.2 Mass Spectrometric Methods 193
4.4.2.3 Incandescence Methods 197
4.4.3 Indirect Methods 199
4.5 Aerosol Optical Properties 200
4.5.1 Scattering Due to Aerosol Particles 201
4.5.2 Absorption of Solar Radiation Due to Aerosol Particles 203
4.5.2.1 Filter-Based Methods 204
4.5.2.2 In Situ Methods 205
4.5.2.3 Airborne Application 206
4.5.3 Extinction Due to Aerosol Particles 208
4.5.4 Inversion Methods 209
4.6 CCN and IN 210
4.6.1 CCN Measurements Methods 212
4.6.2 IN Measurement Methods 213
4.6.3 Calibration 217
4.6.3.1 CCN Instrument Calibration 217
4.6.3.2 IN Instrument Calibration 218
4.7 Challenges and Emerging Techniques 219
4.7.1 Particle Number 219
4.7.2 Particle Size 220
4.7.3 Aerosol Optical Properties 221
4.7.4 Chemical Composition of Aerosol Particles 222
4.7.5 CCN Measurements 222
4.7.6 IN Measurements 223



X Contents

5 In Situ Measurements of Cloud and Precipitation
Particles 225
Jean-Louis Brenguier, William Bachalo, Patrick Y. Chuang,
Biagio M. Esposito, Jacob Fugal, Timothy Garrett, Jean-Francois Gayet,
Hermann Gerber, Andy Heymsfield, Alexander Kokhanovsky,
Alexei Korolev, R. Paul Lawson, David C. Rogers, Raymond A. Shaw,
Walter Strapp, and Manfred Wendisch

5.1 Introduction 225
5.1.1 Rationale 225
5.1.2 Characterization of Cloud Microphysical Properties 226
5.1.3 Chapter Outline 227
5.1.4 Statistical Limitations of Airborne Cloud Microphysical

Measurements 233
5.2 Impaction and Replication 236
5.2.1 Historical 236
5.2.2 Measurement Principles and Implementation 236
5.2.3 Measurement Issues 238
5.3 Single-Particle Size and Morphology Measurements 239
5.3.1 Retrieval of the PSD 241
5.3.1.1 Correction of Coincidence Effects 242
5.3.1.2 Optimal Estimation of the Particle Concentration 243
5.3.2 Single-Particle Light Scattering 243
5.3.2.1 Measurement Principles and Implementation 243
5.3.2.2 Measurement Issues 252
5.3.2.3 Summary 254
5.3.3 Single-Particle Imaging 254
5.3.3.1 Measurement Principles and Implementation 256
5.3.3.2 Measurement Issues 261
5.3.3.3 Summary 262
5.3.4 Imaging of Particle Ensembles – Holography 263
5.4 Integral Properties of an Ensemble of Particles 266
5.4.1 Thermal Techniques for Cloud LWC and IWC 266
5.4.1.1 Hot-Wire Techniques 266
5.4.1.2 Mass-Sensitive Devices 269
5.4.1.3 Measurement Issues 270
5.4.2 Optical Techniques for the Measurement of Cloud

Water 272
5.4.2.1 The PVM 272
5.4.2.2 Angular Optical Cloud Properties 274
5.4.2.3 The PN 276
5.4.2.4 The CIN 280
5.4.2.5 The CEP 283
5.4.2.6 Measurement Issues 285
5.5 Data Analysis 286
5.5.1.1 Adjustment to Adiabaticity 287



Contents XI

5.5.1.2 Instrument Intercalibration 288
5.5.1.3 Instrument Spatial Resolution 289
5.5.1.4 Integrating Measurements from Scattering and Imaging

Probes 291
5.5.1.5 Integrating Cloud Microphysical and Optical Properties 292
5.5.1.6 Evaluation of OAP Images 293
5.6 Emerging Technologies 295
5.6.1 Interferometric Laser Imaging for Droplet Sizing 296
5.6.2 The Backscatter Cloud Probe 298
5.6.3 The Cloud Particle Spectrometer with Depolarization 299
5.6.4 Hawkeye Composite Cloud Particle Probe 301

Acknowledgments 301

6 Aerosol and Cloud Particle Sampling 303
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