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Absolute humidity, 206

Accuracy and precision, 50

Africa

Early weather records, 29

Air frost – definition, 331

Alter wind shield, 176

Ambient Weather, 35

American Meteorological Society, 459

Antarctica, 13

Apogee Instruments, 118, 123, 463

Armagh Observatory, Northern Ireland. See Early

weather records

Asia

Early weather records, 29

ASOS – Automated Surface Observing System

(United States), 8, 27, 94, 96, 123, 136, 207

Aspirated

Humidity measurements, 212

Aspirated air temperature measurements. See

Temperature

Aspirated radiation shields, 453

Assmann psychrometer, 115

Australia

Australian Meteorological and Oceanographic

Society, 460

Climate records, 406

Early weather records, 30

Precipitation networks, 143, 144

Automatic weather station (AWS)

Accuracy and precision, 50

Advanced category, 79

Advantages, 36

Backup system, 42

Basic category, 65

Budget considerations, 56

Budget systems category, 71

Buying, 58

Cabled or wireless, 45

Categories, 58

Climatological continuity, 54

Data flows, display and storage, 314

Data storage and volumes, 364

Data types, 316

Datalogger protocols, 8

Decision factors, 39

Definition, 7

Disadvantages, 38

Entry-level systems, 69

History, 14

Host computer, 314

Host computing facilities, 55

Lifetime expected, 53

Mid-range category, 74

Mission-critical systems, 54

Moor House, Upper Teesdale, England, 93

Mt Everest summit, 3

One minute summary, 323

Portable systems, 77, 78

Power supplies, 55

Power supply, 314

Processes, 316

Product categories, 59

Products available, 58

Professional category, 79

Reliability, 43

Sensors required, 44

Setup and installation, 54

Software, 314

Specifications, 63

St James’s Park, London, 93

System architectures, 318

Typical uses, 36

Wireless range, 45

WMO tender guide, 81

AWEKAS, 416

AWS. See Automatic weather station

Backing up data, 366

Backup copies, 384

Barograph. See Pressure

Barographs

Calibration, 348

Barometric pressure. See Pressure

Battery backup, 43

Beaufort wind scale, 227

Bilham screen, 13, 109

Blue Hill Observatory, Massachusetts, 13, 27

British Rainfall Organization, 156

Bubbling. See Debubbling

Cabling

High-quality connections, 48
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Calibration, 335

Humidity sensors, 347

One minute summary, 349

Portable calibration reference units, 78

Recording raingauge, 336

Calibration drift, 451

Humidity sensors, 209, 214

Pressure sensors, 348

Calm

How calm is calm?, 229

Campbell Scientific, 35, 59, 80, 320, 457, 463

Campbell–Stokes sunshine recorder, 38, 279

Canada

Canadian Meteorological and Oceanographic

Society, 459

Climate records, 406

Celsius, Anders (1701–1744), 16

Centennial Observing Stations. See World

Meteorological Organization (WMO)

Central England Temperature (CET) series, 15

CIMO guidelines. See World Meteorological

Organization (WMO)

Citizen Weather Observer Program – CWOP, 413

Climatological Observers Link (COL), 374, 418,

424, 462

Cloud amount and types, 326

CoCoRaHS, 96, 143, 144, 152, 155, 156, 180, 374,

418, 424, 454

Collecting and storing data, 363

One minute summary, 376

Conditional formatting, 389

Connections, 48

Cooperating observer networks

Ireland, 423

United Kingdom, 423

US (COOP network), 143, 148, 421

Coordinated Universal Time (UTC), 303

Cotton Region Shelter, 12, 97, 109, 111, 112, 120,

122, 138, 466

Data

Analysis and presentation, 366

Averages and extremes, 405

Calibration and error checking, 367

Collection and storage, 363

Dataset sizes, 387

Distilling observations, 368

Filtering within a spreadsheet, 386

Managing and analysing, 378

Missing, 367

One minute summary, 408

Pivot table (Excel), 391

Spreadsheet formats, 367

Sub-daily, daily and monthly spreadsheets, 371

Data aggregation websites, 411

Datalogger, 8

Event-based datalogging, 321

Programmable by user, 320

Time-based datalogging, 321

Davis Instruments, 463

Vantage Pro2 AWS, 75, 122

Vantage Vue AWS, 71

weatherlink.com, 411

Days with – frequencies of snow, thunder, etc.,

329

Debubbling alcohol-based thermometers, 470

Dew point temperature, 205 See Temperature

DIN rail, 48

Dry and wet bulb psychrometer, 209

Dry bulb temperature, 204, 210

Durham, England. See Early weather records

Early weather records, 9, 14

Africa, 29

Armagh, Northern Ireland, 22

Asia, 29

Australia, 30, 144

Blue Hill Observatory, Mass., 27

Canada, 26

Central Park, New York, 27

Chapel Hill, North Carolina, 26

Charleston, South Carolina, 26

Durham, England, 25

Europe, 16

Hohenpeissenberg, Germany, 21

Hong Kong Observatory, China, 29

Kremsmünster, Austria, 19

Milan, Italy, 20

Minneapolis, Minnesota, 26

New Zealand, 30

North America, 26

Nottingham, Maryland, 26

Oxford, England, 23

Padova (Padua), Italy, 17

Prague, Czechia, 20

South America, 28

Stockholm, Sweden, 19

Sydney, Australia, 144

Uppsala, Sweden, 16

Effective height (anemometer), 244

Elitech, 35, 464

EML. See Environmental Measurements Limited

Environmental Measurements Ltd (EML), 35, 80,

455, 464

Europe

Early weather records, 16

Event-based datalogging, 162, 321

Exposure

Air temperature and humidity, 88, 91

Atmospheric pressure, 92

Earth temperature, 92

Grass temperature, 92

Precipitation, 92

Rainfall (precipitation), 88

Rooftop sites, 89

Sunshine and solar radiation, 88, 92

Wind, 88, 92

Exposure of instruments, 87

Ferrule connectors, 48

Fixtures and fittings, 73

Fog, 331
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Gale, 329

Gemini datalogger, 35, 59, 78, 258, 341, 465

Gifts

Weather instruments as gifts, 61

Glaisher stand, 12

Grass minimum temperature, 251, 256, 331

Greenwich Mean Time (GMT), 303

Ground frost, 251, 331

Hail, 330

Hailgauge, 332

Hectopascal

Relationship to millibar unit, 189

Hohenpeissenberg, Germany. See Early weather

records

Hong Kong Meteorological Society, 459

Hong Kong Observatory, 29

Hooke, Robert, 9, 14, 173

Automatic weather station 1678, 10

Howard, Luke, 9

Humidity, 204

Absolute humidity, 206

Accuracy and precision, 215

Aspirated measurements, 212

Calibration of sensors, 347

Chilled mirror sensors, 207

Definition, 204

Dry and wet bulb psychrometer, 209

Electronic sensors, 208

Human comfort levels, 212

Logging requirements, 215

Measurement methods, 206

One minute summary, 215

Relative humidity, 205

Site and exposure requirements, 213

Terms, 204

Ice bulb temperature, 210

Installation

Safety first, 88

Irish Meteorological Society, 461

Jefferson, Thomas, 421

Jefferson, Thomas (1743–1826), 26

John Campanius Holm award (NOAA), 421

Kestrel portable AWS, 35, 71, 78, 225, 319, 453,

466

Kipp & Zonen, 465

Kipp & Zonen sunshine recorder, 284, 457

Kremsmünster, Austria. SeeEarly weather records

Lambrecht meteo, 35, 77, 80, 320, 465

Rain[e] raingauge, 174

Latent heat

Release in wet bulb temperature, 211

Legacy instruments

Mercury barometers, 468

Mercury thermometers, 468

Liquid-in-glass (LiG) thermometers, 468

Logging interval, 52

MADIS, 413, 416

Manual observation routine, 325

Mercury-based legacy instruments, 468

Mesonet. See Observation networks

Metadata, 351

Example files, 356

One minute summary, 359

Meteorological societies, 459

Metrology and meteorology, 442

Metspec plastic Stevenson screen, 13, 111, 122, 136,

453, 466

Microsoft Excel basics, 379, 390

Milan, Italy. See Early weather records

Millibar unit. See Hectopascal

Minamata Convention, 6, 31, 37, 128, 189, 259, 468

MMTS – Maximum-Minimum Temperatures

System, 96, 96, 112, 122

Moor House AWS, Upper Teesdale. See

Automatic weather station (AWS)

Mount Everest AWS, 3

Mount Washington, New Hampshire, 236

NetAtmo, 35, 72, 137, 319

Netherlands, the

Climate records, 406

New Zealand

Climate records, 406

Early weather records, 30

Meteorological Society, 460

Nielsen-Kellerman, 35, 59, 78, 225, 453, 466

Nipher wind shield, 176

Non-instrumental weather observing, 324

One minute summary, 334

North America

Early weather records, 26

Observation networks

Precipitation-country networks, 142

US mesonets, 98

Observation times, 304

Metadata, 354

Precipitation, 147, 185

Temperature, 134

Time standards, 303

Observation times and time standards

One minute summary, 312

Observing networks

United Kingdom, 99

United States, 96

Occurrence frequencies or ‘Days with . . . ‘, 329

Oktas (unit of cloud amount), 326

One minute summaries

AWS data flows, display and storage, 323

Buying a weather station, 82

Calibration, 349

Choosing a weather station, 56

Collecting and storing data, 376

Humidity, 215

Making the data avalanche work for you, 408

Measuring atmospheric pressure, 203

Measuring grass and earth temperatures, 261
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One minute summaries (cont.)

Measuring precipitation, 185

Measuring the temperature of the air, 137

Measuring wind speed and direction, 250

Metadata-what is it, and why is it important?,

359

Non-instrumental weather observing, 334

Observing hours and time standards, 312

Sharing your observations, 424

Site and exposure – the basics, 101

Summarised in Chapter 20, 426

Sunshine and solar radiation, 301

Padova (Padua), Italy. See Early weather records

Pivot tables (Microsoft Excel), 391

Platinum resistance thermometers (PRTs). See

Temperature

Portable weather stations, 77

Prague, Czechia. See Early weather records

Precipitation, 140

Aerodynamic raingauges, 176

Automated raingauges, 144, 160

British Standard raingauge, 156

Calibration of raingauges, 336

Catching instruments, 141

Definition, 140

Float raingauges, 160, 171

Ground flush or pit raingauges, 176

Measurement accuracy, 184

Measurements, 141

Observing times, 185

One minute summary, 185

Precipitation detectors, 174

Raingauge capacity, 158

Raingauge suppliers, 169

Raingauge types, 141, 144, 154

Raingauge wind shields, 176

Recommended products, 455

Recording requirements, 178

Short-period intense rainfall measurements, 179

Site and exposure requirements, 145

Snowdon raingauge, 156

Tipping-bucket raingauge, 45, 68, 159, 160, 162,

182, 321, 337, 444, 455

Invented by Christopher Wren 1662, 9

Tipping-spoon raingauge, 68

Trace of rainfall, 154

UK standard ‘five inch’ raingauge, 156

Unit conversions, 479

US plastic gauge, 155

US standard gauge, 154

Weighing raingauge, 160, 171

Weighing tipping bucket-raingauge, 160, 172

Wind effects, 175

WMO site classes, 148

Precision and accuracy, 51, 335

Present weather code, 328

Preserving your observations, 373

Pressure

Accuracy and precision, 201

Aneroid barometers, 190

Barographs, 190

Calibration, 201

Corrections to mean sea level, 194

Early records, 188

Electronic sensors, 190

Logging requirements, 192

Mean sea level pressure (MSLP), 194

Measurements, 187

Mercury barometers, 189, 472

Observation times, 201

One minute summary, 203

Sensor types, 192

Siting instruments, 191

Station level pressure, 194

Unit conversions, 479

Units, 188

Procurement

WMO tender guide, 81

Prodata Weather Systems, 464

Product reviews, 61, 62, 458

Pyranometer. See Sunshine and solar radiation

Pyrheliometer. See Sunshine and solar radiation

QFE, 195

QFF, 195

QNH, 195

Radcliffe Observatory

Oxford. See Early weather records

Rain day (UK definition), 331

Rain[e] digital raingauge, 455

Rainfall. See Precipitation

Raingauge. See Precipitation

Recommended products, 170, 452

Relative Humidity, 205

Response time, 52, 66, 68, 103, 112, 116, 118, 123,

129, 134, 137, 208, 215, 445

Wet bulb, 210

Reviews. See Product reviews

Richard Hendrickson Award (NOAA), 421

Robinson, Thomas Romney, 23

Rooftop sites, 50, 87, 88, 89, 91, 105, 145, 148, 241,

428, 434, 452

Roughness length z0, 237

Royal Meteorological Society, 462

Safety considerations, 89, 240

Sampling and logging intervals, 363

Sampling interval, 52

Screened cabling, 47

Screens. See Thermometer screen

Sensor characteristics, 445

Sharing your observations, 410

One minute summary, 424

Sheltered site, 41

Site and exposure

Basics, 87

Site description metadata, 353

Six’s maximum-minimum thermometer, 9

Snowdon raingauge. See Precipitation

Snowfall, 330
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Climatological analysis, 396

Measurement, 179

‘Snow core’ measurements, 182

Snow lying, 331

Water equivalents of, 181

Societas Meteorologica Palatina, 21

Sonic anemometer, 224, 456

South America

Early weather records, 28

Stevenson screen, 53, 75, 109, 111, 115, 118, 120,

122, 123, 138, 205, 206, 210, 343, 354, 446,

450, 453

Invention 1864, 11

Metspec model, 109, 111

Photograph 1896, 12

Stevenson, Thomas, 12

Stockholm, Sweden. See Early weather records

Summer time, daylight savings time, 303

Sunshine and solar radiation, 263

Accuracy and precision, 301

Calculating daily solar radiation receipts, 300

Calibration, 288

Diffuse solar radiation, 266

Direct solar radiation, 266

Global solar radiation, 268

Irradiance and illuminance, 267

Logging requirements, 299

Long-wave (terrestrial) radiation, 265

Measurement methods, 266

One minute summary, 301

Pyranometer, 268, 292

Pyranometer classes, 270

Pyrheliometer, 274

Site and exposure requirements, 293

Site classes WMO, 293

Sunshine measurements, 274

Sunshine percentage of possible, 279

Sunshine recorders, 292

Campbell–Stokes, 279

Instromet, 285

Kipp & Zonen, 284

Sunshine records – homogeneity of, 290

Terminal hours, 300

Ultraviolet, 265, 273

Units, 265

Wavelength ranges, 264

Sydney Observatory. See Early weather records

Temperature

Air temperature measurement, 102

Aspirated air temperature, 115

Aspirated temperature measurements

Comparison between screens, 118, 123

Hybrid ‘fan-assisted’ screens, 121

Calibration of temperature sensors, 339

Definition of ‘air temperature’, 102

Dew point, 204, 205, 206

Dew point-world’s highest, 213

Dew point sensor (chilled mirror), 207

Dry and wet bulb psychrometer, 209

Dry bulb, 120, 132, 204

Mounting within screen, 132

Earth or soil, 251, 257

Exposure considerations, 105

Grass minimum, 251

Ice bulb, 210

Liquid-in-glass thermometers, 468

Logging requirements, 134

Maximum and minimum thermometers, 470

Observation times, 134

One minute summary, 261

Platinum resistance thermometer (PRT), 129,

454

International standards, 132

Maximum diameter, 129

Radiation shields, 108, 115

Resetting maximum and minimum

thermometers, 470

Response time, 66, 68, 103, 114, 116, 123, 129,

134, 135, 137, 210, 445

Earth temperatures, 258

Grass minimum, 253

Wet bulb, 449

Sensors, 105, 128

Site classification WMO, 106

Site considerations, 105

Thermistor, 129, 134

Thermograph, 14

Thermometer screen, 108

Unit conversions, 478

Wet bulb, 204, 210

Terminal hours, 304

Air temperatures, 308

Grass minimum temperature, 256, 311

Precipitation (rainfall), 311

Thermistor. See Temperature

Thermograph. See Temperature

Thermometer screen, 104, 108

Installation, 112

Plastic, 111

Types and construction, 122

Thomas Jefferson Award (NOAA), 421

Thunder heard, 329

Climatological analysis, 396

Time constant. See Response time

Tinytag datalogger. See Gemini datalogger

Tipping-bucket raingauge. See Precipitation

Tornado and Storm Research Organisation

(TORRO), 462

Trace of rainfall, 154

Turf wall raingauge site, 177

United Kingdom

Climate records, 407

Precipitation network, 143

United States

Climate records, 407

COOP observer program, 143, 148, 421

Precipitation networks, 142

Units

Unit conversions, 478

Uppsala, Sweden. See Early weather records
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USCRN – NOAA’s Climate Reference Network,

94

UTC (Coordinated Universal Time), 303

Vaisala, 35, 80, 467

Vapour pressure, 205

Vector mean wind, 248, 475

Vernier scale, reading a, 472

Visibility objects, 327

Washington, George (1732–99), 26

Weather diary, keeping a, 333

Weather newsgroups and blogs, 417

Weather Observations Website WOW

Ireland, 416

United Kingdom, 414

Weather stations

Advanced or professional, 35

Budget, 35

Choosing, 34

Entry-level, 35

Main categories, 35

Mid-range, 35

Weather Underground, 414

Weatherobs.com, 416

Wet bulb temperature. See Temperature

Wet day (UK definition), 331

Wind roses. See Wind speed and direction

Wind speed and direction, 217

Accuracy and precision, 242

Anemometer

Cup, 223

Distance constant, 450

Handheld, 225

Propeller or windmill, 225

Sonic, 224

Starting speed, 228

Beaufort wind scale, 227

Calibration of sensors, 242

Calms, 229

Definition, 218

Exposure, 235

Gusts, 231

Installation of sensors, 239

Logging requirements, 247

Measurement methods, 222

Non-standard heights, 243

One minute summary, 250

Site classifications WMO, 237

Unit conversions, 480

Units, 220

Vector mean wind, 248, 475

Vector quantity, 220

Wind roses, 404

Wind run, 247

Wind sensors, 233

Wind vane, 233

Alignment, 245

World record wind speeds, 236

Wireless range, 73

World Meteorological Organization (WMO)

Centennial Observing Stations, 16

CIMO guide, 4

Geneva, 4

National weather services listing, 7

Site classes, 91

Air temperature, 105

Precipitation, 148

Sunshine and solar radiation, 293

Surface wind, 237

Wren, Christopher, 9, 160

Automatic weather station 1678, 10
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