
Abbe, Cleveland, 6
absorptivity, 43
Adams, John, 676
aerosols, 606–609

aerosol-cloud interactions, 130, 610
aerosol-radiation interactions, 130, 610
ammonium nitrate, 595, 599, 600
ammonium sulfate, 595, 599, 600
biomass burning, 130, 611, 614–617
black carbon, 130, 405, 611, 615, 616
climate effects, 14, 24, 127
dust, 24, 127, 130, 611–614
geoengineering, 654
nitrate, 130, 611
radiative forcing, 130, 600, 609–611
sea salt, 24
secondary organic, 24, 130, 611, 618, 619, 621
sulfate, 24, 128, 130, 610, 611
surface albedo, 130, 405, 611, 613
volcanoes, 128, 568

afforestation, 542, 548
BVOCs, 619
carbon cycle, 415, 575, 576, 654
geoengineering, 655, 660, 661, 667
rainfall, 6
runoff, 176
semiarid climate, 528

air pressure, 74–75
air quality, 34, 603, 614, 620, 667
albedo, 201

climate feedback, 9, 500, 503–509, 510, 526, 529, 547
land cover, 201
leaf nitrogen, 600
plant canopy, 268, 284
snow, 201, 489
urban, 201, 633, 634, 637
vegetation masking of snow, 268, 393, 489, 509, 

548, 549
Aleutian low, 85, 114
allocation, 294, 297

above- and belowground, 296, 334, 336, 389, 429
life history patterns, 298
resource limitation, 297
seeds, 294

allometric relationships, 299
Amazon basin, 415, 536, 569, 572, 608, 613, 616
Amazon River, 186
ammonia (NH3), 339, 594, 599, 603

aerosols, 599
volatilization, 340, 368, 594, 595

ammonium (NH4
+), 339, 340, 368, 594

amphistomatous, 236
angiosperm, 258, 299, 303, 310

Anglo-Brazilian Amazonian Climate Observation Study 
(ABRACOS), 537

Antarctic Circle, 63
anthroposphere, 7, 30, 676
Arctic Circle, 63
Arctic front, 514
Arctic Oscillation, 114
Aristotle, 1
Atlantic multi-decadal Oscillation, 114
atmosphere 

composition, 23
mass, 75

atmospheric boundary layer, 218–219
diurnal cycle, 219–221
mesoscale circulation.  See mesoscale circulation
soil water, 221–227, 485
surface (constant flux) layer, 212, 213, 218

atmospheric circulation 
high pressure system, 78, 79, 81
jet stream, 85
low pressure system, 78, 79, 82
monsoon.  See monsoon
sea breeze, 98
single cell, 76
three cell, 78
trade winds.  See trade winds

atmospheric transmittance, 66
Aughey, Samuel, 6
available water, 149
Avogadro’s number, 44
azimuth angle, 61, 63, 68

base flow, 185
Basel, Switzerland, 641
Bermuda high, 85
bicarbonate ion (HCO3

–), 124, 360
biofuel crops, 611, 619, 654, 663–664, 666
biogenic volatile organic compounds, 12, 14, 332, 600

fires, 614
models, 470
ozone, 597, 598
radiative forcing, 621
secondary organic aerosols, 608, 617–621

biogeochemical model, 439, 441–442
biogeochemistry, 10
biogeography, 28, 422–426

Budyko, 424
climate change, 325, 434–436, 437
Holdridge, 424, 468
Thornthwaite, 424

biogeophysics, 9, 500, 551, 655
biogeoscience, 7
BIOME-BGC model, 441, 442
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biosphere, 7, 28, 329
Biosphere-Atmosphere Transfer Scheme (BATS), 455, 

458, 459, 535
blackbody, 42, 43, 44, 49
Blackhawk Island, Wisconsin, 343
Boltzmann constant, 42
Boreal Ecosystem Atmosphere Study (BOREAS), 198,  

272, 333, 461
boreal forest 

aerosols, 619, 620
biogeochemistry, 344–346
biogeography, 423
Bowen ratio, 393
carbon balance, 332, 333, 336, 394
carbon stocks, 426
climate influence, 14, 405, 510–514, 524, 526, 552, 

655, 660, 661
climate zone, 92, 514
evaporative fraction, 198, 393, 512, 513
evapotranspiration, 158, 512
Fairbanks, Alaska, 93, 344–346, 385–388
net ecosystem production, 347, 349
succession, 385–388
surface energy balance, 196, 198, 281, 392–394, 512

Bowen ratio, 194, 195, 223
boreal forest, 198, 393, 512
desert, 199
leaf emergence, 282, 394
tropical forest, 198
urban, 634, 641

Bruegel, Pieter, 2
bucket model, 165, 454
Budyko, M., 195, 196, 424, 673
bundle-sheath cell, 244
buoyancy, 46, 51, 213, 214

calcium carbonate (CaCO3), 123, 360
calcium cycle, 338
calcium silicate (CaSiO3), 124
Calvin cycle, 242, 243–245
canopy, plant 

albedo, 284
big-leaf model, 278, 455
bulk surface model, 278
CO2 concentration, 281
conductance, 273–275, 501
dual source model, 279, 455
heat storage, 280
leaf nitrogen profile, 273
Penman-Monteith equation, 273, 274
photosynthesis, 269–273
radiative transfer, 265–269
turbulence, 276
understory evapotranspiration, 284
water-use efficiency, 282
wind profile, 276

canopy-chemistry models, 621
capillary rise, 157
carbon cycle 

biological, 124

carbon-climate feedback, 577, 578, 580
carbon-concentration feedback, 577, 580
CO2 fertilization, 571, 574, 575, 577
compatible emissions, 582–583
cumulative emission, 134
extreme events, 572
fire, 404, 567
fossil fuel, 30, 54, 125, 582
geologic, 53, 123
global, 53–55
land use, 54, 125, 575–576
last glacial maximum, 563
last millenium, 564
nitrogen cycle, 351, 352, 570, 575, 581, 583, 599, 600
nitrogen deposition, 572–574
pre-industrial, 53
present-day, 54, 564–566
residual land sink, 55, 569–575
soil carbon, 370, 426, 432, 472, 583
vegetation carbon, 426

carbon cycle-climate model, 576–582, 658
biogeochemical coupling, 578
radiative coupling, 578

carbon dioxide (CO2).  See also carbon cycle
airborne fraction, 580
annual amplitude, 566–567
atmospheric concentration, 23, 33–36, 125, 256, 564
atmospheric growth rate, 565, 567, 568, 582
ice core, 117, 125, 563
late Cretaceous, 510
Mauna Loa, Hawaii, 566, 567
radiative forcing, 129

carbon dioxide (CO2) fertilization, 570–571, 575
climate influence, 514–515, 581
photosynthesis, 245, 249, 256, 259, 350, 351

carbonic acid (H2CO3), 123, 360
Carnegie-Ames-Stanford Approach (CASA) model, 441
carrying capacity, 376
cation exchange, 367–368
cavitation, 300, 308, 309, 584
CENTURY model, 363–364, 441
Changjiang River, 186
chemical weathering, 123
chlorophyll, 242, 245, 249, 271
chloroplast, 241, 242, 250
clay 

clay minerals, 358, 360, 370
hydraulic properties, 149
infiltration capacity, 153
particle size, 143
Soil Conservation Service runoff, 163
soil texture class, 144
thermal conductivity, 146

climate change 
abrupt, 118, 126
aerosols, 127–128
anthropogenic, 36, 133–135, 656, 657, 659
commitment, 134
8.2 kyr BP, 119, 127
late Cretaceous, 121, 510
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late Quaternary, 118, 434–436
model uncertainty, 134
mountain uplift, 122–123
natural variability, 129, 130, 132, 134–135
past millenium, 120
scenario uncertainty, 135
6 kyr BP, 436, 503–509, 511
solar variability, 127, 130
twentieth century, 128–132, 546, 552

climate feedback 
aerosols, 609–611
Arctic greening, 516
boreal forest, 510–514
BVOCs, 619, 620
carbon cycle, 576–582
chemistry-climate, 14, 599–602, 621
clouds, 37
fires, 404, 616, 617
land surface, 9, 13, 500, 674
nitrogen, 595
snow-ice albedo, 37
soil water, 12, 222, 483–489
stomatal conductance, 514–515
thermohaline circulation, 126
water vapor, 37

climate model, 3, 131
anthropogenic climate change, 133–135
land surface model, 453–466, 467–472
land-atmosphere coupling  

experiments, 467
response uncertainty, 135
twentieth century climate change, 131–132

climate sensitivity, 49, 581
climate zones, 28

Köppen, 2, 25, 89–93, 524
ocean influence, 85
precipitation geography, 85
temperature geography, 84

climax community, 388
cloud condensation nuclei, 610, 616
Cole, Thomas, 677
Columbia, Maryland, 630, 633
Columbus, Christopher, 5
communities, plant 

competition, 319–320
dominant-diversity curve, 322
environmental gradients, 319, 323
individualistic school, 321, 329, 388
superorganism school, 321, 329, 388

Community Land Model (CLM), 461, 464, 541
competitor plant, 302, 390
conductance 

aerodynamic, 202, 203, 205, 215, 273, 279
canopy, 273–275
diffusion, 45, 46
electrical networks, 234
mesophyll, 250
stomatal.  See stomatal conductance
surface, 203, 205, 274
units, 46

conduction, 44
soil heat flux, 145, 194, 203

Congo River, 186
constant final yield, 378
continental drift, 121
convection, 45, 193, 210, 224

aerosols, 610, 613, 616, 617
diffusive flux, 45, 46
forced convection, 46, 210, 234
free convection, 46
rainfall, 528, 529, 537, 540

Coriolis force, 77, 78
counter-gradient flux, 276
Coweeta, 175, 176
cryosphere, 7, 26
cultivation 

no-till, 663
rainfall, 6
soil carbon, 416

Daisyworld, 502
damping depth, 148
Darcy’s law, 150, 151, 152
daylength, 66, 72, 161, 293
declination angle, 61, 62, 65, 66
decomposition, 361–364, See also heterotrophic 

respiration
CENTURY model, 363–364
climatic decomposition index, 363, 433
litter quality, 343, 345, 361–362, 363, 573
mineralization, 339, 341, 353, 363
nitrogen addition, 573
soil warming, 352

deforestation, 30, See also land use
Australia, 533
BVOCs, 619
Europe, 540–541
evapotranspiration, 176, 536, 548, 549–551
global climate, 526, 552
New England, 411–412
tropical, 415, 535–540, 551
United States, 3–7, 411–415, 541, 676

demography, plant, 376–379
succession, 389

denitrification, 340, 368, 594
density 

dry air, 45, 51
freshwater, 97
gas, 45
moist air, 51
water vapor, 51

desert 
biogeography, 80, 423
climate zone, 91
surface energy balance, 199, 527

diffuse radiation, 66, 68
gross primary production, 271, 282, 457,  

569, 572, 607
plant canopy, 267
sloped surface, 70
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direct beam radiation, 66
displacement height, 212
diurnal temperature range, 221
drought, 104, 317, 472, 494

aerosol feedback, 613, 617
carbon cycle, 567, 571, 572
dust emission, 613
fire feedback, 617
heatwave, 487
precipitation feedback, 487, 488, 507
Sahel, 507, 508, 529
tree mortality, 308, 583

Duke Forest, North Carolina, 350, 351, 442, 550
Dust Bowl, 104, 488, 613
dynamic global vegetation model, 439, 443–444, 468, 584

Earth energy budget, 49, 68, 195
net radiation, 48, 68
planetary model, 48
solar radiation, 47, 68

Earth system, 7, 594, 673, 676, 678
Earth system model, 3, 7, 131, 467–472, 577, 582, 584, 

604, 652, 667, 678
ecological climatology, 8
ecosystem, 12, 328

biogeochemistry, 343–346
carbon balance, 10, 331–333, 346–349
climate services, 655, 667
function, 329
structure, 328

eddy covariance, 15, 196, 211, 346, 348, 426, 442, 461, 
464, 550, 571

El Nino/Southern Oscillation (ENSO), 105–109, 131, 567, 568
electromagnetic radiation, 42
electron transport, 242, 247
emissivity, 43, 44, 202

leaf, 233
equinox, 63, 66, 123
evaporation, 46, 156, 158, See also 

evapotranspiration
equilibrium rate, 237, 274

evaporative fraction, 199, 225, 276, 550
boreal forest, 198, 393, 512, 513
tropical forest, 198, 539

evapotranspiration, 12, 158–161, 193, 195, 202
biogeography, 424, 426
Budyko, 195, 196
Coweeta, 176
deforestation, 176, 526, 549–551
forest understory, 274
Hubbard Brook watershed, 174, 176
leaf emergence, 283, 394
mesoscale circulation, 227
Penman equation, 161
Penman-Monteith equation, 161, 204
Priestley-Taylor equation, 161
soil water, 221–222, 485–486
Thornthwaite equation, 161
Walker Branch watershed, 175

extinction coefficient, 265, 266

Ferrel cell, 78
Ferrel, William, 6
Fick’s law, 45, 202
field capacity, 148, 149, 152
fire, 403–405

carbon emission, 404, 567
chemical emissions, 404, 614
clouds, 616
fire cycle, 403
precipitation, 616, 617
return interval, 403

First ISLSCP Field Experiment (FIFE), 222, 224
first law of thermodynamics, 47
foliage water potential, 160
force-restore method, 455
forest gap dynamics, 401–403
forest gap model, 317, 325, 442, 443
Franklin, Benjamin, 4
free convection, 210
free-air CO2 enrichment (FACE), 256, 

350–351, 570
friction velocity, 212

geoengineering, 652, See also afforestation
carbon dioxide removal, 654
solar radiation management, 653
surface albedo, 227, 529, 654, 661, 663, 664, 665

geosphere, 7
geostrophic wind, 77
glaciation, 434, 510, 511, See also ice age
global warming potential, 24, 599, 600
grassland 

biogeography, 423
carbon stocks, 426
climate influence, 525
climate zone, 91
evapotranspiration, 158
net ecosystem production, 347
surface energy balance, 196, 198

gravitational potential, 149, 150
Gravity Recovery and Climate Experiment (GRACE), 

188, 464
grazing, 30, 526–528
Great Lakes, 96, 98, 127

deforestation, 413
Great Plains, 6, 91, 411, 486, 488, 528, 545
Great Slave Lake, 97
Great Smoky Mountains, 321, 322
green roof, 643, 653, 664, 665
Green-Ampt equation, 152
greenhouse effect, 48
greenhouse gases, 24, See also CO2, CH4, N2O

radiative forcing, 129
gross primary production, 10, 269, 282, 291, 

332, 429
groundwater, 156
gymnosperm, 299, 303

habitat, 317
Hadley circulation, 78, 509, 548, 617, 667
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Harvard Forest, Massachusetts, 158, 196, 348, 352, 
411, 569

heat capacity, 47
air, 147
ice, 148
organic material, 148
soil.  See soil temperature
water, 47, 96, 147

heterotrophic respiration, 10, 332, 361, 362, 569, 577, 
578, See also decomposition

Holdridge life zone, 424
hour angle, 61
Hubbard Brook 

biogeochemistry, 338, 341, 343, 360, 385
ecosystem, 329, 331, 335, 385, 402
forest succession, 383–385, 402
water budget, 174, 176

Hume, David, 4
humus, 29, 361, 362, 367, 368, 369
hydraulic conductivity, 150, 152, 153, 184
hydraulic redistribution, 164, 540
hydrocarbons, 597, 617, See also non-methane 

hydrocarbons
hydrologic cycle, 50, 155–157

global water storage, 26
water balance, 12, 157, 166, 173

hydrostatic equation, 74
hydroxyl radical (OH), 14, 597, 599, 615, 618
hypostomatous, 236, 237

ice age, 117–120, See also glaciation
ice core 

EPICA Dome C, 117
Vostok, 117

ice sheet, 118
Icelandic low, 85, 103, 111, 112
ideal gas equation, 45, 51, 75, 76
immobilization, 362, 363
impervious area, 31, 162, 634, 638, 641, 643, 645
incidence angle, 68
infiltration, 156, 161, 164, 181

Green-Ampt equation, 152
infrared radiation.  See longwave radiation
initial floristic composition, 389
interception, 155, 157–158
intertropical convergence zone, 79, 80, 85, 89, 90, 509, 

540, 548
irrigation, 227, 334, 544–546
isoprene, 617, 618, 619
isotopes, 166–169

carbon, 255, 349
fractionation, 167, 255
hydrogen, 166
oxygen, 166

Jefferson, Thomas, 5
jet stream, 85

kinetic energy, 42
Köppen climate zone.  See climate zones

Köppen, W., 2
K-selection, 301, 377

lake 
carbon flux, 53
climate influence, 96
energy balance, 97
evaporation, 97
NDVI, 269
snowfall, 98
vertical mixing, 97
water storage, 26

land surface model, 453
crop models, 470
dust emissions, 470
dynamic global vegetation model, 468
Earth system, 467–472
first generation models, 455
fractional vegetation cover, 459
land cover classification, 459
methane, 470
model evaluation, 466, 471
nitrogen cycle, 470
plant canopy, 280
plant functional types, 460
second generation model, 456
stomatal conductance, 252, 254, 455, 457
surface heterogeneity, 458, 460
third generation model, 457
urban land cover, 470
wetlands, 470
wildfire, 470

land use, 14, 30
afforestation.  See afforestation
Australia, 533–535
biogeophysical vs. biogeochemical, 552, 658, 

659, 660
BVOCs, 619
Canadian Prairies, 544
climate change, 523–526, 546–551, 621
crops, 406, 542–544, 655
dust emissions, 612, 614
European deforestation, 540–541
green/brown planet, 524
Sahel, 528–532
tropical deforestation, 415, 535–540, 552
twenty-first century, 33, 37, 656, 657, 659
United States, 411–415, 541–544

lapse rate, 94, 202
Large-Scale Biosphere Atmosphere Experiment in 

Amazonia (LBA), 539
last glacial maximum, 26

biogeography, 437, 507, 511
carbon cycle, 563

late Quaternary 
climate, 118, 434–436

latent heat flux, 193, 194, 203, 211
latent heat of fusion, 52, 148, 158, 490
latent heat of sublimation, 52
latent heat of vaporization, 52, 161, 194, 202
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leaf 
boundary layer conductance, 233, 234, 237, 250
coordinated traits.  See leaf economic spectrum
energy balance, 233
leaf-air coupling, 235, 237, 279
lifespan, 305, 306, 307, 308, 618
nitrogen, 249, 271, 272, 273, 305, 307, 308, 600
orientation, 265, 266
Penman-Monteith equation, 237
shape, 239
size, 234, 238
temperature, 233, 236–237

leaf area index 
albedo, 268
canopy conductance, 274
canopy profile, 264, 276
climate feedback, 493, 501
defined, 264
evapotranspiration, 283
heatwave, 494
net primary production, 335
radiative transfer, 265, 266, 267
roughness length, 284
satellite datasets, 459, 492

leaf economic spectrum, 305–306, 307–308
leaf shape, 238
Lena River, 186
life history patterns. See also plant functional type 

Grime, 301, 390
succession, 388, 389, 390, 391–392

lifting condensation level, 225
light-use efficiency, 270, 271, 441
lignin, 346, 361, 363, 573
lithosphere, 7, 28
litterfall, 337, 339, 341, 342, 433

coarse woody debris, 338
Little Ice Age, 120, 127
loam 

hydraulic properties, 152
infiltration capacity, 153
Soil Conservation Service runoff, 163
soil texture class, 144

Łódź, Poland, 640
logistic growth equation, 376
longwave radiation, 9, 43, 44, 48, 194

annual amount, 68
Stefan-Boltzmann law, 43
surface energy balance, 202

Lund-Potsdam-Jena (LPJ) model, 444, 469

macronutrient, 365
macropore, 162
Mather, Cotton, 4
matric potential, 149, 150
Medieval Warm Period, 120
Mediterranean vegetation 

biogeography, 423
climate, 91, 196

mesoscale circulation, 228

methane (CH4) 
anthropogenic sources, 55, 125
atmospheric concentration, 23, 33–36, 125, 564
BVOCs, 618
fires, 615
global warming potential, 24
ice core, 117, 125
NOx, 599
ozone, 598
radiative forcing, 129
reactive nitrogen, 599

microbial growth efficiency, 362
microclimate 

forest clearings, 98–100
greenhouses, 193
tropical forest, 537

micronutrient, 366
Milankovitch cycle, 123, 503
Mississippi River, 104, 127, 186, 487
mitigation, 652
molar density, 45, 46
mole fraction, 45
momentum flux, 211, 212
Monin-Obukhov similarity theory, 213–215, 218, 276
monoterpenes, 617, 618, 620
monsoon, 85, 123, 617

African, 436, 503, 504, 505, 508, 532
Asian, 491
Australian, 535
effect of snow, 491
North American, 491
soil moisture–precipitation feedback, 484

Mount Pinatubo, 568
Mount Tambora, 128
mountains 

air temperature, 93, 94
cold air drainage, 95
mid-slope thermal belt, 96
orographic precipitation, 96
solar radiation, 93

mulch, 205
Murray-Darling basin, 533

near-infrared waveband, 43, 266
net biome production, 332
net ecosystem exchange, 282, 332
net ecosystem production, 10, 332, 333, 346–349
net primary production, 10, 332, 343, 426–428, 571
net radiation, 44, 194

land surface, 9, 202
NHx, 572, 594, 595
niche, 315–317
nitrate (NO3

–), 339, 594
nitrification, 340, 368, 594
nitrite (NO2

–), 340, 341, 594
nitrogen cycle, 12, 14, 339–341, 594

anthropogenic sources, 31, 594, 602
biodiversity, 320, 595
carbon cycle, 570, 572–574, 575, 581, 583
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deposition, 341, 572–574, 595, 599, 603
gaseous losses, 368
nitrogen cascade, 595
progressive nitrogen limitation, 351
radiative forcing, 599–602
surface albedo, 600

nitrogen fixation, 31, 340, 594
nitrous oxide (N2O), 23, 117, 594, 600

atmospheric concentration, 33–36, 125, 564
global warming potential, 24
ice core, 125
ozone, 596
radiative forcing, 34
sources, 56, 126, 368

non-methane hydrocarbons, 24, 404, 614, 617
normalized difference vegetation index (NDVI), 269, 

294, 428
North Atlantic Oscillation, 109–114, 131
Northern Annular Mode, 114
northern hardwood forest.  See temperate forest
NOx, 594, 595, 600, 601, 602, 603, 614

aerosols, 599
fire, 404, 615
methane, 599
ozone, 597, 599, 618

NOy, 572, 594, 595

Ob River, 186
Obukhov length, 214
ocean circulation 

Antarctic circumpolar current, 82, 122
gyre, 82
suface currents, 82
thermohaline circulation, 83, 126

O-CN model, 575, 581
optical air mass, 66
ORCHIDEE model, 574
Orinoco River, 186
overland flow, 156, 177, See also runoff
ozone, 12, 14, 621

fires, 405, 615
formation, 597–599, 618, 620
gross primary production, 574
N2O, 596
photosynthesis, 470, 571, 600
radiative forcing, 129
reactive nitrogen, 600

Pacific Decadal Oscillation, 114
Palmer Drought Severity Index, 104
Pangaea, 121
parent material, 370
partial pressure, 23, 45
pedosphere, 7, 29
Penman equation, 161
Penman-Monteith equation, 161, 204

leaf, 237
plant canopy, 273

PEP, 244, 245

percolation, 156
permafrost, 27

Fairbanks, Alaska, 93, 344, 345, 385
rooting depth, 430
soil carbon, 28, 433, 470, 516, 583
soil order, 29, 373
soil warming, 129, 470, 516

phase change, 52
phenology, 292, 294, 441, 493, 542, 571, 632, 663

carbon balance, 348, 571
surface energy balance, 282
windbreak, 100

photon, 42, 44, 242, 248
photoperiod, 293
photophosphorylation, 242
photorespiration, 244, 245, 246, 438
photosynthesis.  See also CO2 fertilization

acclimation, 256, 349, 583
C3, 243, 246, 247, 256, 422, 437
C4, 244, 246, 256, 422, 437
CAM, 245, 246
canopy, 269–273
chemical reaction, 241
dark reactions, 243–245
Farquhar model, 247–250, 457
light reactions, 242
maximum rates, 245, 252
net, 245

photosynthetically active radiation, 44, 242, 248
photosystem, 242, 247
pine beetle 

BVOCs, 620
climate, 513

Planck’s constant, 42
Planck’s law, 42
plant functional type, 302, 444

annual plant, 298
broadleaf deciduous tree, 300, 302, 305, 307, 336, 

344, 362
broadleaf evergreen tree, 305, 307
early successional, 302, 307, 309, 310, 389, 391, 618
late successional, 302, 309, 389
needleleaf evergreen tree, 301, 305, 306, 307, 336, 

344, 362
perennial plant, 298
trees, 299–301

Pliny the Elder, 4
PnET model, 574
polar front, 79
pollen, 315, 434–436
pore space.  See porosity
porosity, 144, 146, 147, 148, 149, 152
potential energy, 42
potential temperature, 202
precipitation 

convective, 155
diurnal cycle, 221
fires, 617
frontal convergence, 155
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lake effect, 98
orographic, 96, 155
soil moisture feedback, 222, 483–489
tropical rainforest, 536
urban influence, 643–645

pressure gradient force, 75–76, 77, 98
Priestley-Taylor equation, 161
primary minerals, 358
production efficiency model, 270, 428, 441, 567
Project for Intercomparison of Land-surface 

Parameterization Schemes (PILPS), 465
psychrometric constant, 161, 203

radiant energy, 42
radiative forcing 

aerosols, 600, 609–611
BVOCs, 619, 621
fires, 404, 616
nitrogen, 599–602
representative concentration pathways, 133
twentieth century, 129–130

radiative transfer, 265–269
reflectivity, 43
relative humidity, 52
relay floristics, 388
representative concentration pathway, 33–36, 133, 583, 

602, 656, 659
resistance.  See conductance
resource-ratio theory, 389
respiration 

autotrophic, 10, 291, 332, 333
ecosystem, 10
growth, 291
maintenance, 291, 305
mitochondrial, 245, 247

return flow, 157
Richards equation, 151
riverflow, 185, 186, 464
root profile, 429
roughness length, 202, 212, 213, 214, 216, 279, 284

climate feedback, 9, 500, 526
roughness sublayer, 218, 276
r-selection, 301, 377
Rubisco, 243, 244, 245, 247, 249, 252, 255, 271
RuBP, 243, 244, 247, 249, 259
ruderal plant, 302, 390
runoff, 12, 157, 161–163, 173, 177–178

Budyko, 195
continental basins, 186
exponential precipitation, 179–181
infiltration-excess, 177
Rational method, 162
saturation-excess, 177, 181, 184
Soil Conservation Service, 162, 645
TOPMODEL, 183, 185
urban, 645–646
variable contributing area, 177
variable infiltration capacity model, 183

safe-site, 377
Sahara Desert, 436, 503, 507, 528, 612, 613

6 kyr BP, 503–509
Sahel, 485, 488, 507, 528–532
sand 

hydraulic properties, 149
infiltration capacity, 153
particle size, 143
Soil Conservation Service runoff, 163
soil texture class, 144
thermal conductivity, 146

sapwood area, 299, 300
savanna 

biogeography, 422
carbon stocks, 426
climate influence, 525
climate zone, 90

scalar, 211
sea breeze, 98, 227
sea ice, 27, 37
secondary minerals, 358
seed bank, 377
seed rain, 377, 389
self-thinning, 378–379
sensible heat flux, 46, 194, 202, 211
sesquiterpenes, 617, 619
shade tolerance, 302, 309, 402, 618
shaded leaf, 266, 267, 271, 273, 457
shelterbelt, 99
shifting mosaic steady state, 402
similarity functions, 214, 215
Simple Biosphere Model (SiB), 455, 458, 459
size hierarchy, 378
snow 

Asian monsoon, 491
North American monsoon, 491
Northern Hemisphere extent, 27, 489

soil 
formation, 370–373
mineral, 143
orders, 29, 372–373
organic, 143, 144
pH, 367
profile, 368–370
solution, 367–368
structure, 144

soil moisture retention curve, 149, 152
soil temperature 

albedo modification, 205
damping depth, 148
decomposition, 361
diffusivity, 148
diurnal cycle, 145, 147, 148
energy conservation, 145
heat capacity, 145, 146
heat flux, 144
mulch, 205
phase change, 148
profile, 144

precipitation (cont.)
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snow, 490
thermal conductivity, 145, 146

soil texture, 144
hydraulic properties, 149, 152
infiltration capacity, 153
Soil Conservation Service runoff, 163
thermal properties, 146

soil water, 164–165
atmospheric boundary layer, 227, 485
decomposition, 361
evapotranspiration, 221–222
hydraulic conductivity, 152
hydraulic properties, 149
mesoscale circulation, 227
precipitation feedback, 222, 483–489
stomatal conductance, 254
thermal properties, 146, 147

soil-plant-atmosphere continuum, 160, 300
solar constant, 48, 64, 127
solar radiation 

annual amount, 68
daylength, 66
diurnal cycle, 65
horizontal surface, 64
Milankovitch cycle, 123
sloped surface, 68, 71, 72
top of the atmosphere, 64, 66

solar variability, 127, 130
Sonoran Desert, 199, 527
Southern Oscillation Index, 106, 108
specific humidity, 51, 203
specific leaf area, 305
St. Louis, Missouri, 104, 186, 631, 644
Stefan-Boltzmann constant, 43
Stefan-Boltzmann law, 43
stemflow, 155, 157, 338
stomata, 160, 250

CO2 response, 238, 256–259, 514–515
density, 250, 256, 259
paleoclimate, 239

stomatal conductance, 234, 235, 237, 250, 251, 252, 270
anatomical maximum, 256
Ball-Berry model, 253–254, 255, 259, 457, 461
Jarvis model, 251, 455
maximum rates, 252
soil moisture stress, 254
water-use efficiency, 252, 254, 259

storm flow, 185
stress tolerator plant, 302, 390
succession, 13, 14, 388–392

allogenic, 380
autogenic, 380, 389, 390
boreal forest, 385–388
early successional.  See plant functional type
Glacier Bay, Alaska, 380–382
Lake Michigan sand dunes, 380
late successional.  See plant functional type
northern hardwood forest, 383–385
old field, 382–383, 392

primary, 379, 380
secondary, 380

summer solstice, 63, 66
sunlit leaf, 266, 267, 271, 273, 457
sunspot, 127
surface energy balance, 9, 194, 454

boreal forest, 196, 198
desert, 199, 527
effect of mulch, 205
grassland, 196, 198
model, 201–204
parking lot, 633
temperate forest, 196
tropical forest, 196, 198
tundra, 196
urban, 634, 640, 641

surface temperature 
aerodynamic, 279
model, 203
Penman-Monteith equation, 204
satellite, 551

survivorship curve, 378

temperate forest 
biogeography, 423
carbon balance, 332
carbon stocks, 426
climate influence, 14, 524, 526, 660, 661
climate zone, 91–92
evapotranspiration, 158
microsuccession, 402
net ecosystem production, 347, 348–349
northern hardwood succession, 383–385
surface energy balance, 196

temperature 
boreal deforestation, 510, 526, 552
central England, 103
Earth surface, 48
EPICA Dome C ice core, 117
forest clearings, 98–99
land use, 546–548
leaf emergence, 493
mountains, 94
snow cover, 490
tropical deforestation, 526, 536, 552
twentieth century warming, 128
twenty-first century warming, 134
Vostok ice core, 117

terrestrial biosphere model, 438–445, See also dynamic 
global vegetation model

carbon cycle attribution studies, 574–575
Terrestrial Ecosystem Model (TEM), 441
Tethys Sea, 122
Theophrastus, 1, 3
thermal conductivity, 44, 203

air, 44, 147
ice, 148
organic material, 146, 148
quartz, 146
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snow, 148, 490
soil.  See soil temperature
water, 45, 147

Thornthwaite, Charles, 160, 165, 424
throughfall, 155, 157–158, 338
Tibetan Plateau, 123
time of emergence, 135
TOPMODEL, 184
trade winds, 78, 79, 80, 82, 85, 105, 106
translocation, 341, 343
transmissivity, 43
transpiration, 156, 158, See also evapotranspiration
triose phosphate, 243, 248, 249
Tropic of Cancer, 63
Tropic of Capricorn, 63
tropical forest 

biogeography, 422
carbon balance, 332
carbon stocks, 426
climate influence, 13, 524, 526, 535–540, 551, 655, 

660, 661
climate zone, 89
evaporative fraction, 539
evapotranspiration, 158, 536, 538, 540
global carbon cycle, 569
net ecosystem production, 347
surface energy balance, 196, 198, 539

tundra 
biogeography, 423
carbon stocks, 426
climate zone, 92
evapotranspiration, 158
net ecosystem production, 346
surface energy balance, 196, 512

turbulence, 209–211
turbulent fluxes, 211

universal gas constant, 45
urban 

canyon, 634–637, 640, 643
energy balance model, 642–643
greenspace, 628, 638, 639–642
H/W ratio, 635, 637, 640, 641, 643
heat island, 630–632, 636, 637, 

639, 665
land-use zones, 628
nightime lights, 30
phenology, 632
precipitation, 643–645
runoff, 645–646
surface energy balance, 634, 640, 641

urban planning, 664, 665–666, 676
runoff, 162

Vancouver, British Columbia, 634, 639
vapor pressure, 51

saturation, 51, 161, 202, 204
vapor pressure deficit, 52, 161, 203, 204, 237, 251
variable infiltration capacity (VIC) model, 183
Vcmax, 247, 249, 256, 273, 457, 550
vegetation continuous fields, 460
view factor 

forest clearing, 99
slope, 71
urban canyon, 635, 637, 638

visible waveband, 43, 266
Volney, Constantin-François, 5
volumetric water content, 148
von Humboldt, Alexander, 2, 5
Vostok ice core, 123

Walker Branch, 175, 341, 343, 442
Walker circulation, 105, 106, 108
Wangara experiment, 212, 219
watershed, 173

continental basins, 186
Coweeta, 175, 176
Hubbard Brook, 174, 176
Walker Branch, 174

water-use efficiency, 238, 247, 252, 254, 255, 256, 282, 
350, 571

weathering 
carbon cycle, 53, 360
chemical, 360, 371
physical, 358, 371

Webster, Noah, 5
white roof, 653, 664, 665
Wien’s law, 43
Williams, Samuel, 5
Williamson, Hugh, 5
wilting point, 149, 222
windbreak, 99
winter solstice, 62, 66
winter wheat, 542, 544
wood density, 309
woody encroachment, 528

Xinanjiang runoff model, 181

Yenisei River, 186
Younger Dryas, 118, 127

zenith angle, 61, 64, 66, 68, 201, 265, 269

thermal conductivity (cont.)
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