
228

back radiation (in greenhouse effect), 8
balloons 

manned, 187
rubber, for upper air observations, 187
unmanned, for observations, 187

Bartolo, Sebastiano 
thermometer reference points, 23

bathythermograph (for ocean temperature  
profiles), 92

beryllium-10 
as proxy for solar activity in the past, 17

bimetallic thermographs, 35
blending land air and sea surface temperature 

 datasets, 132
Boulliau, Ismaël 

thermometer experiments in Paris, 22
Boyle, Robert 

experiments with gases, 29
experiments with thermometers, 22

Boyle’s law, 213
in cooling with altitude, 6

brightness temperature (in remote sensing from 
satellites), 196, 221

Brussels Maritime Conference 
standardisation of observations at sea, 77

buckets (to measure sea temperature), 73, 76–82, 93
buoys (as instrument platforms), 82–89

calibration 
essential for climate work, 22, 28, 31, 32, 35, 38, 58
of radiosondes, 188

Callendar, G. S. 
early climate investigator, 102

Campbell–Stokes sunshine recorder, 10
carbon dioxide 

as greenhouse gas, 8
potential cause of temperature increase, 150

carbon-14 
as proxy for solar activity in the past, 17

causes of temperature change, 139–150, 173
Celsius, Anders 

inverted centigrade scale, 28

absolute temperature scale, 29–30
absolute zero (definition and value), 30
Accademia del Cimento 

role in early thermometer experiments, 21
advection (definition), 6
Air temperature, 18, 38, 40, 44, 48, 100, 102, 105, 

109, 111, 116, 208
air temperature on ships 10, 11, 71–75, 82–84
air thermometers 

description of, 18
their defects, 20

airports as instrument sites, 61, 65, 110
Aitken, John 

critical of Stevenson screen, 56
albedo (definition and values of), 1
algorithms 72, 73, 188, 196
Amontons, Guillaume 

experiments with gases, 29
analysis of variance, see spatial degrees of freedom
anomalies (working in), 117, 127
Arabs 

their role in conserving Greek manuscripts,  
18

Arctic Oscillation 
influenced by changes in ozone layer, 16, 146

Argo 
drifting profiler float, 93–100

aspirated screens 
importance in climate studies, 46, 51
in future networks, 209

Assmann, Richard 
aspirated screen, 47

Atlantic Multidecadal Oscillation, 147
atmosphere (composition), 9
atmospheric circulation (its influence on tempera-

tures), 149
automatic weather stations (AWSs) 

as recent and future sources of data, 54
danger of proliferation of non-standard stations, 

109
average temperature 116, 197, 201
averages (synonymous with ‘means’), 115
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Delisle, Joseph-Nicolas 
first to use a 100-step scale?, 28

Delisle scale 
used in Russia, 27

della Porta, Giambattista 
copying of Greek experiments, 19

Devillea, Charles Sainte-Claire 
large thermometer stand, 43

dew point 
the maths of, 214
the production of clouds, 6

dissemination of data, see Global 
Telecommunications System

diurnal temperature range, 34, 149, 153, 176–185
double-skinned canvas buckets (for SST 

 measurement), 77
drifting buoys (in measuring sea temperature), 86–88
dry adiabatic lapse rate (cooling with altitude), 6
Dutch weather glass, 20

Ekström, Daniel 
centigrade scale, 28

El Niño and La Niña 
effect on global temperatures, 131
influence on Pacific SSTs, 141
processes involved, 141–147, 153–166

El Niño Southern Oscillation, 144
electrical thermometers, 38
electromagnetic energy (from the Sun), 1
electromagnetic spectrum, 216–18
engine-room intake (in measuring sea temperature), 

76, 80–82, 88, 93
enhanced greenhouse effect (the process), 9
ethanol (the ‘spirit’ in thermometers), 21
evaporation 

and cloud formation, 6
the process, 214

evapotranspiration, 4
exposure of thermometer screens, 60

Fahrenheit, Daniel Gabriel 
fixed points, 25

feedback (in models), 10
first difference method 

gridding technique, 121
FitzRoy, Capt. Robert 

observations from British ships, 70
fixed points (for thermometers), 23
Fludd, Robert 

air themometer, 19

Galileo 
his thoughts on Greek experiments, 19
possible experiments with thermometers, 19
thermometer, 21

gas laws (Boyle’s and Charles’s laws), 6, 213
Gaussian filters 

trendlines in graphs, 138
Gay-Lussac, Joseph Louis 

balloon ascent to 23,000 feet, 187

Centigrade scales, 27–29
Central England Temperature 

the datasets and what they show, 167–176
changes in site conditions and instruments (causing 

apparent changes in climate), 150
changes in temperature (importance in climate 

 studies), 56
Charles’s law 

in cooling with altitude, 6
Christin, Jean Pierre 

scale related to Réaumur’s, 29
climate anomaly method 

gridding technique, 121
climate models, 10, 139, 149, 180
Climatic Research Unit, UEA 

producer of major climate datasets, 103, 105
clouds 

and cosmic rays, 17
and radiosonde passage through, 188
and sunshine duration, 10
and warming in the troposphere, 198
difficulty in modelling effects of, 149
effect on DTR, 180
effect on incoming solar radiation, 1
formation, 6
interference with remote sensing of temperature, 223
IR radiation from, 12

condensation, 6
continuity of records (importance of), 48, 51
convection (in transfer of heat and water vapour), 6
correlation decay-length, see spatial degrees of 

freedom
cosmic ray intensity (and solar activity), 17
cotton region shelter, 44

Dalencé, Joachim 
fixed thermometer points, 23

data collection platform 
for transmission of data via satellites, 85, 94

data quality (importance in climate work), 54, 105, 
107, 109

datasets from land and sea 
choice between sea and marine air temperature, 

132
equivalence between the two, 131
from Lugina et al., 133
from the Goddard Institute for Space Studies, 133
from the National Climatic Data Center, 133
the blending process, 132
the combined Hadley Centre and Climatic 

Research Unit datasest, 133
datasets from the land 

Hadley Centre, 129
Lugina et al., 129
National Climatic Data Center, 129
University of East Anglia, 129

datasets from the sea (from the Hadley Centre), 131
de la Hire, Philippe 

fixed thermometer points, 23
dead-reckoning (in measurement of ocean  

currents), 86
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Indian Ocean Dipole, 147
infrared (and greenhouse effect), 7, 8, 12, 13, 15
instrument maintenance, 59
Inter-decadal Pacific Oscillation, 146
Intergovernmental Panel on Climate Change  

(IPCC), passim
International Meteorological organization, 71
International Practical Temperature Scale, 30
interstellar particles (galactic cosmic rays and 

 climate), 16
inversion, 7
Isle of Wight temperature screen, 41

Jason 
satellite-based altimeter over sea, 93, 94, 98

Kelvin scale, 30
Kew Observatory 

first use of resistance thermometers, 36
Kew stand, 43
kites 

for meteorological observations, 187
move away from to free-flying balloons, 187

Köppen formula 
for mean temperature estimation, 116

Köppen, W. 
early climate investigator, 102

La Niña, 141–147, 153–166
Lagrange, Joseph Louis 

measurement of currents, 86
Lagrangian buoys, see drifting buoys
laminar boundary layer (molecular diffusion  

across), 2
land surface air temperature 

changes in, 151–158
maximum temperature, 55
measuring, 54
minimum temperature, 55
present temperature, 55

latent heat flux (evaporation and transpiration), 4, 
123, 130

Lawson, Henry 
Lawson’s stand, 42

Linnaeus (Carl von Linné) 
centigrade scale, 29

liquid-in-glass thermometers 
invented by Jean Rey, 20
modern designs, 31

Little Ice Age (LIA) 
Central England temperature, 153, 171, 172
dates and discussion, 14

location systems (to track buoys), 85

magnetic field (of Sun), 16
maintenance of instruments, 59, 208, 212
Marié-Davy, H. 

large temperature stand in Paris, 42
marine air temperature (MAT), 71, 75–76
Martin, George 

Isle of Wight stand, 41

Glaisher, James 
balloon ascent to 36,000 feet, 187
Glaisher’s Stand, 42

Global Climate Observing System 
its limitations, 109
land air temperature (LAT), 105
ocean networks, 106
role in any future new network, 206
Ten Monitoring Principles of, 106
using Google Earth to evaluate stations, 111

Global Historical Climatology Network, 104
Global Positioning System (GPS) 

tracking buoy movements, 85
Global Telecommunications System (GTS) 

for interchange of meteorological and hydrological 
data worldwide, 85, 98

global temperatures 
gridding SSTs, 131
homogeneity, 118
weighting SST anomalies, 130
working in anomalies, 117
working in averages, 116
working in grids, 120

Goddard Institute for Space Studies 
datasets produced by, 129
produce major climate dataset, 104

Grand Duke of Tuscany, Ferdinand II 
invention of two types of thermometer, 21

greenhouse effect, 7, 8, 9, 15, 149, 176
greenhouse gases, 8, 150
Greenwich stand 

correct name for Glaisher’s stand, 42
grids (working in to get areal averages), 

 120
Guericke, Otto of Magdeburg 

air thermometers, 20

Hadley Centre of the UK Met Office 
datasets produced by, 129, 131–133

hair hygrograph (for humidity measurement), 55
Hauksbee, Francis 

manufacturer of thermometers, 24
Hazen, Henry A. 

Signal Service thermometer shelter, 45
heliopause (extent of the Sun’s influence), 16
Hero of Alexandria 

early experiments with thermometers, 18
Hero’s fountain, 19
Herschel, William 

and sunspots, 15
homogeneity (of data), 103–108, 118–120, 129, 134
Hooke, Robert 

absolute temperature scale, 30
hull temperatures 73, 76, 80, 85, 88
Huygens, Christiaan 

thermometer reference points, 23

ice cores (containing record of solar activity), 17
ideal gas equation, 213
increased levels of carbon dioxide (possible effects 

on temperature), 150
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North Annular Mode (or Arctic Oscillation), 146
North Atlantic Oscillation, 146

ocean currents (measured by Argo), 86, 87, 93
ocean weather ships (OWS), 73
open shelters (for thermometers), 41

Pacific Decadal Oscillation, 146
parking depth (of Argo floats), 97
Patrick, John 

thermometer scale, 24
pentad (five-day period), 130
Philo of Byzantium 

early experiments with thermoscopes, 18
Pinatubo 

effect of eruption on climate, in 1991–3, 199
pirates (part cause of decline of climate data from 

ships), 75
platinum resistance thermometers, 36–38, 40, 48, 

80–85, 209
Plymouth Dockyard screen, 43
pneumatic experiments (in ancient Greece), 18
polar regions 

frequency of cover by polar satellites, 196
height of tropopause, 7
thermometer screens for, 56

Port Meteorological Officers 
importance to climate data from ships, 75

precipitation anomalies (a comparison with 
 temperature anomalies), 125

Pressure law (see also Boyle’s and Charles’s  
laws), 213

Prins, Hendrik 
Fahrenheit’s successor, 25

profiling floats, see Argo
pyranometers (for measuring total incoming solar 

radiation), 11
pyrheliometers (for measuring intensity of direct 

solar beam), 10

quality of the data (essential in climate studies), 54, 
105, 107, 109

radiation errors (in radiosondes), 190
radiative transfer equations (in obtaining  

 temperature profiles from microwave 
 measurements), 197

radiosondes 
calibration, 193
hardware, 188
performance and corrections, 194
temperature sensor, 189

Réaumur scale, 26
based on one reference point, 26

Réaumur, René Antoine Ferchault de 
competition with Fahrenheit, 26

reference station method 
gridding technique, 121

reflection and scattering of solar radiation, 1
relative humidity, 9, 13, 214

Maunder minimum 
period of low sunspot numbers, 14, 150, 172

Maury, Lieut. Matthew Fontaine 
observations from ships, 70

maximum and minimum temperatures (changes in 
the DTR), 149, 176–185

maximum and minimum temperature, 32, 37, 45, 47, 
51, 52, 55, 71, 75

mean temperature (estimating), 116–117
Medici family 

role in thermometer experiments, 21
Medieval Warm Period (MWP), 14, 150, 171
met enclosure maintenance, 64
metadata, 55, 79, 81, 107, 109, 111, 117, 119
Meteorologica Cosmica 

by Fludd 
includes description of an air thermometer, 20

Meteorological Office 
first director Robert FitzRoy, 70
Hadley centre, 129, 131–133

methane, 8
Micheli, Jacques Barthélemi 

centigrade scale, 28
microclimates (problem in siting instruments), 

60–65, 110, 121, 127
microwave sounders 

basics, 195
hardware, 196
performance, 198
temperature profiles, 197

microwave spectrum, 8, 210, 221, 223
Milankovitch cycles 

and long-term climate change, 14
miniature screens (for automatic weather stations), 

48–50
missing grids (when calculating areal means), 128
Mitchell, J. M. 

early climate investigator, 102
model accuracy and reliability, 139
model projections (of temperature), 139
Molchanov, Pavel 

designed one of first radiosondes (1928), 188
moored buoys (as instrument platforms), 82–85
moving average (trendlines), 138

National Meteorological Services 54, 58, 61, 65, 74, 
103, 105, 109

naturally ventilated screens, 56, 60, 209
Negretti and Zambra 

maximum thermometers, 33
net pyrradiometers (measuring net radiation), 12
net radiation (definition and measurement of), 12
new instrument network 

cost, funding and management, 212
design concepts and details, 208
number of stations required, 207
purposes of, 208

Newton, Sir Isaac 
limited work on thermometers, 24

night marine air temperature, 76
non-adiabatic (cooling with mixing), 6
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soil heat flux (factors affecting and time of response), 
4, 62

solar activity 
and climate change, 14
and effects on climate, 148

solar constant 
changes in and climate change, 15, 125
definition and value, 1

solar cycle, 11-year (changes in UV), 16
solar radiation 

intensity outside atmosphere, 1
measurement of, 10
passage through atmosphere, 1

solar wind (shielding effect on cosmic rays), 16
sounders, see microwave sounders
Southern Annular Mode 

or Antarctic Oscillation, 146
Southern Oscillation, 140–146
Southern Oscillation Index (calculation of), 227
Southwell, Robert 

introduction of thermometer to England, 22
spatial degrees of freedom 

effect of missing grids, 128
number of stations required, 126

spatial dependence, spatial analysis, see spatial 
degrees of freedom

Spörer minimum 
sunspot minimum, 14

stands (for thermometers), 41–43
steric or dynamic height (of sea surface), 98
Stevenson, Thomas 

Stevenson screen, 43
stratosphere (and ozone layer), 16

and volcanos, 147
Strömer, Märten 

centigrade scale, 28
Sun’s atmosphere (its nature), 16–17
Sun’s magnetic field (influence on cosmic rays), 16
sunshine duration 

electrical sensor for AWSs, 10
measurement of, 10

sunspots (and climate change), 14, 15, 172

teleconnections (for example ENSO), 140–147
telemetering the measurements (from buoys to  

base), 85, 211
temperature changes 

last 160 years, global, 137
last 30 years in England, 163–167
long-term, 14
since 1660 in England, 171–176
since 1850 (global and hemispheric), 150–163
the last 35 years, global, 163
through the troposphere, 198–203

temperature coefficient (of electrical resistance 
thermometers), 36

temperature datasets 
global, 102
Global Historical Climatology Network, 104
of the Climatic Research Unit, 103

Renaldini, Carlo 
ice and boiling point references, 23

representativeness of instrument sites 
an example, 61, 110–112
to represent surrounding country, 60, 61

Rey, Jean 
and first liquid-in-glass thermometer, 20

Rømer, Ole Christensen 
reference points 

visited by Fahrenheit, 25
Royal Meteorological Society 

and the Stevenson screen, 43
Royal Society 

newly formed, 24
scale, 24

rural and urban (definitions in the UHI effect), 62

salinity (measured by Argo as conductivity), 92, 94, 
96–100

Santorio, Santorio 
possibly made first air themometer, 19

satellite measurements 
of surface temperature, 219
of temperature profile through troposphere, 197

scales (for thermometers), 23–27
Schwabe, Heinrich 

and 11-year sunspot cycle, 14
screen performance (comparisons), 51
screens 

at tropical and polar sites, 56
evolution of, 40
for AWSs, 48
height of, 48
on radiosondes, 189
principles and general design, 40

screens on ships, 44
sea surface temperature (SST) 

changes in, 158–161
compared with air temperature, 71
definition of, 72
history of its measurement, 70
measured from ships, 76

sea temperature profiles 
measured with bathythermographs, 92
measured with the Argo float, 93–100

sensible heat flux (definition), 2, 123, 130
shelters (for thermometers), 41–43
ships as instrument platforms, 73–88
Siemens, Carl Wilhelm 

platinum resistance thermometers, 36
Signal Service thermometer shelter, 45
Six, James 

simple maximum and minimum thermometer, 
 33

skin temperature (of land and sea), 71–77
Smithsonian Institution 

publish long-term global meteorological records, 
103

snow (effect on screens), 56
SOHO satellite (for observing the sun), 16
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tropospheric warming (causes of), 198
turbulent boundary layer (transfer of heat and  water 

vapour through), 2

ultraviolet 
changes in during 11-year sunspot cycle, 16
production of ozone, 7

University of East Anglia 
datasets produced by, 129

urban heat island (UHI), 61–64, 106, 110, 120, 177, 
194

US Weather Bureau 
publish long-term meteorological records, 103

Vinnikov, K. Ya. 
early climate investigator, 102

volcanic activity 140, 147–148, 153–154, 156–160, 
162, 172, 194

voluntary observing fleet (VOF), 74

water vapour 
as main greenhouse gas, 2, 4, 8
production at surface, 6

 units of, 214 
weather glass (or air thermometer), 20
weighting function (in microwave measurements), 

197
weighting the data in calculating areal means, 117, 

122–126, 130, 133
wet adiabatic lapse rate (cooling of rising air), 6
wet bulb thermometer (for humidity measurement), 

55
whirling or sling thermometer, 46
Wild, Heinrich 

Russian screen, 45
Willett, H.C. 

early climate investigator, 102
Wilson, Alexander 

use of kites for upper air measurement, 187
wind turbulence (transfer of heat and water  

vapour), 6
Wolf number (or Zürich number) 

quantifying sunspot numbers, 14
World Meteorological Organization, passim
Wren, Sir Christopher 

air thermometer, 20

zero drift (of liquid-in-glass thermometers), 34

of the Global Climate Observing System 
WMO, 104

World Weather Records 
Smithsonian Institution, 103

temperature profiles from radiosonde data, 198–203
temperature profiles through the atmosphere, 

187–205
temperature trends, see temperature changes
Ten Monitoring Principles of the GCOS, 59, 75, 106, 

206
terrestrial radiation, 62
thermal capacitors (for radiosondes), 38
thermals, 6, 198
thermistors, 37, 92
thermocouples, 38
thermodynamic temperature scale, see absolute 

 temperature scale
thermometers 

electrical, 36–38
history of development, 18–31
modern, 31–35
screens from radiation, 40

thermomètre de Lyon 
Réaumur’s thermometer, 29

thermoscope (its relationship to thermometers),  
18

Thompson, Benjamin (Count Rumford) 
dew formation, 7

Thompson, William (Baron Kelvin of Largs) 
absolute temperature scale, 30
Kelvin scale, 30

thunderclouds, 7
time of observations (importance of in calculating 

the mean temperature), 116
topography (of sea surface), 98
Torricelli 

and the barometer, 20
total incoming solar radiation (measurement  

of), 11
Toynbee, Capt. Henry 

ships’ meteorological logs, 70
tree rings (containing carbon-14 and beryllium-10), 

17
trendlines, 138
tropopause (divisions of the atmosphere), 7
troposphere 

convection within, 6
depth, 2
warming in, 138, 197–203
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