
Index

CAPE (Convective Available Potential Energy)
and deep convection, 217
definition of, 158
generation of, in North Atlantic, 219–21

capillary waves, 56, see also celerity, cat’s paws
Carnot cycle

representation of, 155
thermodynamic efficiency of, 153

Carson’s law, 107
and cloud top cooling, 108–10
and oceanic convection, 110

cat’s paws, 59, 62, see also capillary waves
celerity, 54

of classical inviscid wave, 55, see also capillary
waves, gravity waves

role in wave breaking, 82
characteristic wave, 12, 65, 68, see also windsea

properties of, 69–70, see also wave age
tail of, 71–2

Charnock’s law, 14
corrected for buoyancy, 20
evidence for, 22–5
limitations of, 25–8

chimney(s), 99–100, 147
and plumes, 179
and pycnostads, 180
in the North Atlantic, 204–5

Circumpolar Current
heat transport by, 200

Clausius-Clapeyron equation, 149
clouds

cumulonimbus, 146
isolated, 101–2
liquid content of, 122

processes in, 101–3, see also cloud
top cooling

stratiform, 100–1, 120
trade cumuli, 116

cloud top cooling, 108–10, 124
conservation laws

with open boundaries, 133–6
Coriolis parameter

definition of, 196

Dalton’s law, 149
deep convection, 99

CAPE produced by, 217–9
observations of, 181–2
oceanic, properties of, 178–81
preconditioning phase of, 182

dewpoint depression, 139
discrete propagation, 164, 165–6
dissipation method, 9, 22

Ekman transport, 129, 132, 173, 190
and heat gain, 196–7
definition of, 195–6
in the Southern Ocean, 207–8

entrainment
and shear flow, 110–3
breaker related, 113–5
definition of, 98, 105
laws of, 104, 107–10, see also Carson’s law,

Turner-Lofquist law
entrainment velocity

caveats, 114–5
definition of, 105
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238 Index

entropy production, 3, 5, 34–5, 41–3, 104
in hurricanes, 172–5

equatorial Atlantic
heat export from, 213–5

equatorial upwelling, 129–32
role in Atlantic circulation, 212–3,

see also EUC
equivalent potential temperature, 115
EUC (Equatorial UnderCurrent), 130, 132, 211

and overturning circulation, 212–3,
see also equatorial upwelling

fetch, 12, 66, see also windsea
and wave age, 69

friction velocity, 9, 10, 23, 24
water-side value, 47

gas constant
of dry air, 149
of water vapor, 149

gas transfer
mechanisms of, 87–90
surface divergence, 88–9
surface renewal, 87

gravity waves, 56, 61, see also celerity
Great Ocean Conveyor, 210

heat and vapor transfer
mechanisms of, 90–2
surface divergence, 91

Henry’s law, 44
hot tower(s)

ascent of air in, 158–60
clusters of, 160–4
drying out process in, 150–2
drying rate in, 163–4
origin of term, 146–7
updrafts and downdrafts in, 159–64

hurricanes
eyewalls in, 1–2, 167–8
mechanical energy gain in, 178
MSLP (Minimum Sea Level Pressure) in, 171–2
MSW (Maximum Sustained Wind) in, 171–2
rainbands in, 169
structure of, 1–2, 167–9
thermodynamic cycle of, 175–8
updrafts and downdrafts in, 170

instability waves, 51, see also Orr-Sommerfeld
equation

on the air-water interface, 52–3
properties of, 56–9

irradiance, 99
absorption of, 125

ITCZ (InterTropical Convergence Zone), 1, 98
annual march of, 215–6
hot towers in, 116–7, 120
role in overturning circulation, 216

Keulegan number, 25, 40, 91

laboratory wind waves, 77–81
roller on breaking wave, 81, see also roller,

wave breaking
shear stress distribution, 78

latent heat, values of, 149
LCL (Lifting Condensation Level), 98, 101

calculation of, 150

mixed layer budgets
atmospheric, 136
combined, 137–9
in various locations, 140–5
oceanic, 136–7

mixing ratio
definition of, 149
relationship to specific humidity, 149

monsoon, source of water vapor for, 194, 197

NADW (North Atlantic Deep Water), 208
upwelling of, 209

nonequilibrium thermodynamics, 2,
see also Onsager’s theorem, entropy
production, laws of general form

and buoyancy flux, 41–3
and Charnock’s law, 15–6

Obukhov length, 18, 35–6
oceanic heat gain

distribution of, 189–94
mechanisms of, 195–7

oceanic heat transport, 197–203
calculation from heat gain, 199–200
direct estimation of, 198–9
from satellite data, 202
global distribution of, 202–3
in the Atlantic, 202

oceanic mixed layer
compensation depth in, 125
diurnal thermocline in, 125–7
structure of, 125–8

Onsager’s theorem, 3, 5–6, 15–6, 34–5,
see also nonequilibrium thermodynamics

Orr-Sommerfeld equation, 51, 54–5,
see also instability waves

overturning circulation
mechanism of, 216–23
of the ocean, 208
pathways of, 209–11
role of tropical Atlantic in, 211–3

Pathways of air-sea momentum transfer, 92–6
long-wave route, 93–5
mechanism of, 216–23
shear flow route, 95–6
shortwave route, 95

peak downward buoyancy flux,
see also entrainment, laws of

at cloud top, 108–9
in the atmospheric mixed layer, 106
in the oceanic mixed layer, 110–4
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Index 239

perfect gas law, 149
potential temperature, 43, 97
pseudoadiabatic process

energy balance of, 148
representation of, 158–9

pycnostads, 179
energy of, 180–1
in eighteen degree water, 183, 219–21
in Labrador Sea Water, 184–5

radiant energy flux, 102–3
at cloud top, 108–9, 124
in the oceanic mixed layer, 125

roller
and capillary waves, 86
interaction with wave, 80
properties of, 79–81

saturation pressure, 148
variation with temperature, 149,

see also Clausius-Clapeyron equation
Schmidt number, 46
sea and swell, 60, see also windsea
significant wave height

definition of, 62
similarity law for, 65

specific humidity, 149, see also mixing ratio
squall lines, 164–7

flow pattern in, 165–6
interaction with troposphere, 166–7

Stokes drift, 70
and growth laws, 70

stratocumulus, 120
structure of mixed layer under, 120–4

subsidence, 99–100
surface slope

mean square of, 76
spectrum of, 75

thermocline waters
and the Circumpolar Current, 209
definition of, 206, see also WWS

thermodynamic cycle
efficiency of, 157
of hurricanes, 175–8
of the atmospheric overturning circulation, 152–7
of the oceanic overturning circulation, 216–7
representation of, 155

THV (Turbulent Humidity Variance) equation, 104
TKE (Turbulent Kinetic Energy) equation, 16

with buoyancy, 18, 42
with changing wind direction, 101

Toba’s law, 68
Trade Inversion, 97, 116

mixed layer structure under, 117–20
TTV (Turbulent Temperature Variance) equation, 34
turbulence, 7

and buoyancy, 17–20, see also Obukhov length
convective, similarity theory of, 106–7
TKE (Turbulent Kinetic Energy), 7

Turner-Lofquist law, 111–2
and the oceanic mixed layer, 112–3

upwelling, 99–100
coastal, 132
equatorial, 129–32

virtual potential temperature, 97
and CAPE, 158–9

wave age, 12, 26, see also windsea
and wave properties, 69–70
effect of, on Charnock’s law 27–8

wave breaking
and fishingline effect, 85–6, see also roller and

capillary waves
criterion of, 82
dynamics of, 83–6

windsea, 10
definition of, 61
momentum transport by, 70
properties of, 11–2

WWS (WarmWaterSphere)
definition of, 187
heat and mass loss from, 204
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