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active layer
circulation cell, 160-1
and climate, 15-18
definition, 15
depth, 80, 97, 100, 103
hydrolaccoliths, 154-5
microclimate, effect of, 56
moisture in, 232, 234
adfreeze strength (frozen soil),
248
adsorbed layer, 6, 238
adsorption, 5-6, 182, 186-7,
193
aggradation, see permafrost
albedo, 66-8
alpine permafrost, see
permafrost, alpine
apparent heat capacity, see
heat capacity
apparent thermal diffusivity,
see thermal diffusivity
aquifers, see groundwater
atmospheric climate, see
climate
aufeis, see icings
avalanche boulder tongues,
136
avalanches, 147-8

bearing capacity (of ground),
80, 273
bedrock heave, 157
see also frost heave
block slumping
in river banks, 204-5
in river, rate of, 205
thermo-erosional niche,
205
brittle failure, see frozen soil

capillarity, §, 191-3
capillary model, see frost
heave '
cemetery mounds, 143
cementation, 2434
chemical potential, 186
circulation cell, 160-1
Clausius-Clapeyron equation,
189-90, 211, 213
climate
carbon dioxide, effect of,
79-82, 275
change of, and permafrost,
25, 79, 97-100, 275-6
and frozen ground, 8-9,
14-17
past patterns, 100
rate of change, 2756
cohesion, 2434, 250
frozen ground, 230, 249-51
loss of, during thaw, 136-7
ice, 237, 250
compressibility, coefficient of,
139
conductive heat transfer, 56,
63, 65, 84
consolidation
coefficient, 139
during freezing, 188, 225-6
during thawing, 137-141
convective heat transfer 68
creep
characteristics of, 129,
245-6
downslope, 129-33, 267-8,
269
frost creep, 128
in rock glaciers, 1334
of frozen ground, 132, 233,

245-6, 247
of ice, 132, 240
origins of, 131, 246-7
primary, 246
secondary, 246, 267
temperature dependence of,
250, 255-6, 268
tertiary, 246
cryoconduit, 206
cryogenic structures, 240
cryostatic pressure, 159-60
cryosuction, 6
cryoturbation, 42, 137, 159-60

Darcy’s law, 181-2, 217, 227
deformation

ductile, 245

elastic, 171, 246

plastic, 171
degradation, see permafrost

earth circles, 1634
emissivity, 67
energy balance, surface, 63-64,
72
annual, 65
and climatic instability,
274-6
energy exchange
at earth’s surface 9-10, 55
fire, effect of 78-9
permafrost 274-5
energy regime, daily surface,
64, 69-70
erosion
gulley, 146
streamflow, 204-5
water, 146
eutectic point, 260
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evapotranspiration, 69-70
excess ice, 28

freezing of ground
artificial, 272
diurnal, 18
effect of snow, 16
seasonal, 15
vertical extent of, 49
see also climate and
ground freezing; frost
penetration; frost heave
freezing front, 220, 221
freezing point
depression of, 5, 95, 148
in soils, 174-7, 185-6
frost blisters, see
hydrolaccolith
frost heave
capillary model, 191-2,
220-1
of different soils, 194-6
“differential, 155-7, 162
factors affecting, 193-4
hydrodynamic model,
222-5
ice intrusion model, 220-1
ice segregation, 30-1, 196,
217-9
origin, 194-5
pressure, 193-7, 220-1
process, 3-8, 193-7, 200-1,
220-31
rigid ice model, 228-31
secondary, 196-7
thermodynamic-rheologic
process, 200, 233
frost index 16
frost pull 156
frost penetration
climatic effects on, 15
extent, 15
characteristics, 15-18
see also freezing of ground
frozen fringe, 221, 224,
229-30, 232
frozen ground, see frozen soil
frozen soil
apparent heat capacity,
91-2, 179-81, 223
brittle failure, 241
cohesion, 244; see also
strength of frozen soil
composition, 27, 237-8
compressive strength, see
strength of frozen soil

conductivity, see thermal
conductivity

creep, see under Creep

deformation, see under
creep, strength of
frozen soil

effective stresses in, 188,
229-30, 244, 265-7

geotechnical problems,
273-4

internal stresses in, 200

permeability, see
permeability, frozen soil

pressure melting, 264

salinity, effects of, 178,
260-2

strength, see strength of
frozen soil

unforzen water in, 1, 5-8,
Fig. 1.4, 175-9, Fig.
7.2, 237-8, 246-7,
255-6

volume changes, 19-20

gas hydrates, 278-9
gelifluction, 130
geotechnical structures, cold
regions, 10.5
geotechnical investigations,
273
geothermal flux, 9, 71, 94,
96-7
geothermal gradient, 58, 94-7,
120
Gibb’s free energy, 4-5, 185-6,
222
greenhouse effect, 79, 275
ground heat flux, 9, 11, 56, 65
ground ice, 25, 27-8, —see
also Ice
ground temperatures, see
thermal regime of
ground
lateral variation, 115
peat, effect of, 112-3
snow, effect of, 72, 75,
107-11
groundwater
aquifers, 208-210
circulation of, in
permafrost, 202, 205-6
icings, 34-5, 206-7
pore pressures, 206-7

heat balance
at freezing front, 224-5

of a ground layer, 85
heat capacity (of soil), 91
apparent, 91-2, 180-1, 223
mass, 90, 91, 181
soil constituents, 90
specific, 16
volumetric, 91, 222
heat conduction theory, 83-6
heaving pressure, see frost
heave
hummocks, soil, 157-63
hydraulic conductivity, see
permeability
hydrolaccolith, 154-5, 206-7
hydrology
surface 202-4see also
groundwater

ice

aggradation, 235-6

aufeis, 34

buried, 33-34, 4344

crystal structure, 43-44,
241

deformation, 239-43

epigenetic, 36

excess, 28-33

free energy, 6, 222

heat capacity, 87, 90

intrusive, 32-3

massive, 28

pressure of, in soil, 200-1,
229-31

pressure melting, 241, 264

river, 33-5

segregation, 30-1, 193-6,
217-19, 224-7, 229-32

segregation, crystal
structure, 31, 43-4, 241,
see also ice lenses

syngenetic, 36

transport, see regelation

vein, 32

wedge, 33, 168-73

icings, 34-5, 206-8
ice lenses, 3, 30
deformation, of Fig. 8.12
formation, 30
pressure in, 1934
see also ice, segregation
ice wedge polygons, 23, 169

landslides, 22-3, 123-5, 134-6,
145-6
latent heat of fusion, 177,
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179-80
liquefaction, 1634

matric potential, see potential
microclimate, 56, 60-3
buffer layer model, 71-4,
81
micromorphology, see under
soil
mudslides, see landslides
mushfrost, 54

naled, see icings
needle ice, 54, 128
net radiation, 63, 66-7
microclimatic factors, 67-8
normal stress, see stress,
normal

oil and gas, 274, 277-78

palsa, 1514
patterned ground, 23-24,

149-173
peat
ground thermal conditions,
73-4, 112-15

thermal conductivity, 113
pedology, cold regions, 44-6
periglacial region, 2

permafrost
aggradation, 20-1, 79, 275
alpine, 59
and climate, 12-15, 18-19,
59-60

aggradation, 20-1, 79, 275

definition, 12

energy exchange, 274-6

degradation, 20-1, 75-8,
80, 97-8

discontinuous, 59-60, 80

distribution, Fig. 1.7,
19-22, 59-60

‘dry’, 40

hydrology, 8

lakes, effect of, 116-20

map, 13, 59

Martian, 40, 278

Pleistocene, 21, 96-7

relict, 41, 51

submarine, 40-1, 51-2,
277-8

thickness, 49, 95-7

top of, 101

permeability, frozen soil,

197-200, 212, 215, 217,

224-5, 228, 230, 232,
235, 271
perennial snow and ice, extent,
2
phase transition, 1-2
see also freezing point;
frost heave
pingo, 150-1
pipelines, 274-5, 277
pipkrake, 54
plug flow, 130
polygons, 23
ice wedge, 23, 168-73
stone, 165-7
pore ice
cementing effect, 244,
259-60
crystal structure, 241
regelation, 228-9
pore water pressure
during freezing, 30-1,
181-96
effect on soil strength, 125,
244, 265-6
in thawing soil, 134-40
potential, of soil water, 8,
181-9
gradient of 30, 210-11,
265-6
matric, 186-9, 210
thermodynamic
total, 181
preconsolidation, 225-6, 266
pressure gradients, in frozen
soil, 269-71
pressure plate apparatus, 185

radiation
exchange, 3.1
net 11, 63, 66-7
regelation
in frozen soil, 198-9,
212-14, 215, 228, 232-3
in ice lenses, 233
rhythmic ice banding, 226-7
rock glaciers, 133-4
rockfalls, 148

seasonal freezing, 15, 52-4, 56
see also frost penetration
segregation ice, see under Ice,
segregation
sensible heat
transfer of, 55, 65, 68
shear test
frozen ground, 247-8

305

snow
thermal conductivity, 109
thermal diffusivity, 107
snowcover
effect on ground
temperature, 72, 107-12
soil
composition, 8.23
conductivity, see thermal
conductivity or
permeability
consolidation, 137
diffusivity, see thermal
diffusivity
heat capacity, see heat
capacity, of soil
horizons, 44-6
internal friction, 125, 237
mechanical properties,
2434
moisture characteristics,
184
micromorphology, freezing
and thawing, 42
peat, 31
shear strength, 124-5, 243
temperatures, see thermal
regime
water potential, see
potential, of soil water
wedges, 169, 172
see also frozen soil
solifluction, 22-3, 122, 125-33
sorting of stones and particles
by freezing and thawing,
156-7, 163-8
by wind and water, 157
see also patterned ground
stone polygons, 165-7
streamflow in cold climates,
202, 203-4
strength of frozen soil, 237-9,
247-51, 260-4
confining stress, effect of,
260-5
continuous, 248-9
definition, 244-5
frictional, 238, 253-4,
259-60
ice—sand mixture, 244,
259-60
and ice content, 259-60
long-term, 248, 267
pore water salinity, effect
of, 260
residual, 238, 248, 252-3
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temperature dependence,
250-1, 255-6

frozen soils, 89-91
measurement, 89

Stress
confining, 261-4
deviator, 262
effective, 125, 229-30, 244,
265-6
normal, 124, 243, 249
relaxation, 171, 245
shear, 142, 243, 247, 267
tensile, 169, 171, 243
stress cutans, 130
string bogs, 146~7
subsidence, 77, 80, 137-44
suction, 6; see also potential;
pore water pressure
surface energy balance, see
energy balance, surface
surface tension, 189, 192

talik
definition, 31
lakes, 119
as water source, 205-6,
208-10
temperatures, in ground, see
thermal regime of
ground
thaw-consolidation ratio, 139
thermal abrasion, 142
thermal conductivity
definition, 87
peat, 113-15
permafrost, 95-6

snow, 109-10
soils, 90
temperature dependence,
89
thermal contraction, 168-72
thermal diffusivity
apparent, 94, 107
bedrock, 61
definition, 85-6
effect on periodic
temperature variations,
102-6
permafrost, 100
snow, 102, 109
soils, 90, 94
thermal erosion, 142
thermal offset, 58, 113-14
thermal properties of soil, see
heat capacity; thermal
diffusivity; thermal
conductivity
thermal regime of ground,
8-11, 15-19, 21, 94-115
effect of peat, 112-14
effect of snow, 107-11
surface regime, 55, Fig.
3.4, 67, 69-70, 75, 78,
102
temperatures at depth,
94-9
thermo-erosional niche, 205
thermokarst, 25, 77, 80, 1414
and climatic change, 80,
275
mounds, 143
subsidence, 142
tritium (in ground water,

permafrost), 234

unfrozen water content, see
frozen soils, unfrozen
water

vapour diffusion
in frozen soils, 214-15,
216-17
vapour pressure, 214

water
adsorption, 187
depression of freezing
point, 6, 174-5
equilibrium freezing point,
174, 213
supercooled, 174
water bodies
ground temperatures
around, 117-20
in permafrost, 116-19
water movement
frozen ground, 211, 232-3,
234
unfrozen soil, 224
hydraulic conductivity, see
permeability
water supply, permafrost,
208-10

X-ray photography, ice lens,
232

zero annual amplitude, depth
of, 101, 102
zero curtain, 105-6
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