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GLOSSARY 

ablation (cJaclal)--All processes, which include melting, 
evaporation (sublimation), wind erosion, and calv
ing (breaking off or ice masses), that remove snow 
or ice from a glacier or snowfield. The term also 
refers to the amount or snow or ice removed by 
these proce11es. (IOI, 102) 

absclsaloe--Shedding by a plant of its parts, such as leaves, 
flowers, fruits, or seeds. The process is regulated by 
the plant hormone abscisic acid. [I 00) 

absorption coefficleot-A measure of the amount of radiant 
~. ~ .. ,._-c-_.u ~ 1 ~ 5lllf-ic:.. tha1 ~ 
absorbed per unit distance or unit mas5 of a sub
stance. [I 05, 127] 

accllmalloa (accllmatlzatloa}--Change that occurs in an 
organism to allow it to tolerate a new environment. 
(104) 

accamulatloa (gJacW}-All processes, which include snowfall, 
condcnsalion, avalanching, snow transport by wind, 
and frc:.c~ng of liquid water, tbal add snow or ice 
to a glacier, floating ice, or snow cover. The term 
also includes I.he amount of snow or other solid pre
cipitation added to a glacier or snowfield by these 
processes. [I 02) 

acidity prorlle--The acid concentration in ice core layers as a 
function of depth as determined from electrical 
measurements. The magnitudes of some volcanic 
eruptions in the Northern Hemisphere have been 
estimated from the acidity of annual layers in ice 
cores taken in Grc:.cnland. This methodology is 
sometimes referred to as Macidity signar or Macidity 
rccord.w [I, 2) 

adaptatloa--The adjustment of an organism or population to 
a new or altered environment through genetic 
changes brought about by natural selection. [ 100) 

adiabatic procea----A thermodynamic change of state of a sys
tem such that no heat or mass is transferred across 
the boundaries of the system. In an adiabatic pro
cess, expansion always results in cooling, and 
compression in warming. (3) 

adiabatic warmlae--See adiabatic procesa. 

adnctloa--The predominately horizontal large-scale move
ment of air that causes changes in temperature or 
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other physical properties. In oceanography, edvcc
tion is the horizontal or vertical now or see water 
es a current. [3) 

aerosol-Particulate material, other than waler or ice, in the 
atmosphere ranging in size from approximately 10-1 

to larger than 102 ,.m in radius. Aerosols arc 
important in the atmosphere as nuclei for the con
densation of water droplets and ice crystals, as par
ticipants in various chemical cycles, and as 
absorbers and scatterers of soler radiation, thereby 
influencing the radiation budget or the carth
atmosphcre system, which in turn influences the cli
mate on the surface of the Earth. [ 4) 

agglomeradoo-In meteorology, the process by which 
predplladot1 particles grow larger by collision or 
contact with cload particles or other precipitation 
particles. [140) 

Agung-Activc volcano 10,380 ft (3,141 m) high in Bali, 
Indonesia. Last eruption was in 1964. [ 112) 

alrbonie fracdoo--Thc portion or col released from all 
energy consumption and lend use activities that 
r11m11ln• In tho atmosrhoro as orroscd to the 
a111uu11la alisu1\JeJ liy 11l1111l1 aml lll.'ta111. llow the 
world's total carbon is partitioned among the 
oceanic, terrestrial, and atmospheric pools is deter
mined by complex biogcochemical and climatologi
cal interactions. [ 121) 

alrbonle partlculat~Total suspended matter found in the 
atmosphere as solid pieces or liquid droplet~. Air
borne particulates include windblown dusl, emis
sions from industrial processes, smoke from the 
burning or wood end coal, and the exhaust or motor 
vehicles. [ 140) 

alrma»-A widespread body of the aunospMrc that gains cer
tain meteorological or polluted characteristics while 
set In one location. The characteristics can change 
as it moves away. (140] 

albedo-The fraction of the total solar radiation incident on a 
body that is reflected by it. [SJ 

Alfiao~An order of soils with a medium-to-high base sup
ply, horizons of clay accumulation, end gray-brown 
surf ace horizons. [ I 00) 

alga~implc rootless plants that grow in sunlit waters in 
relative proportion to the amounts of nulrlaits 
available. They arc food for ftsh and smell aquatic 
animals. [140) 
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algal bloo~uddcn spurts of algal growth that can indicate 
potentially hazardous changes in local water chem
istry. I t40J 

alkalinity-A pressure- and temperature-independent property 
of seawater that determines in part the carbon con
tent of seawater. Carbonate alkalinity is the sum of 
the concentration of bicarbonate plus two times the 
concentration of the carbonate ions. Total alkalinity 
is the amount of acid required to bring seawater to 
a pH at which all dissolved inorganic carbon 
becomes freely exchangeable. The alkalinity of the 
oceans is determined with potcntiomctric or normal 
titration techniques that detect and measure the 
presence of bicarbonate, carbonate, and borate ions. 
[6, 7, 8) 

altlthermal period-A period of high temperature, particularly 
the one from 8000 to 4000 B.P. (before the present 
era), which was apparently wanner in summers, as 
compared with the present, and with the precipita
tion zones shirted poleward. Also called the 
hypslthermal period. [I 00, I 07 J 

anadromo115-fish that spend their adult lives in the sea but 
swim upriver to freshwater spawning grounds to 
reproduce. { 140] 

analog (cllmate}-A large-scale weatber pattern of the past 
that is similar to a current situation in its essential 
characteristics. (100) 

Antarctic Ice Sheet-Sec Ice sbttt 

anthropogenic-Man made. Usually used in the context of 
emissions that arc produced as the result of human 
activities. [ 138) 

anticyclone (high-pressure area}--An atmospheric high
prcssurc closed circulation with clockwise rotation 
in the Northern Hemisphere, counterclockwise in 
the Southern Hemisphere, and undefined at the 
Equator. [ 100) 

aragonlte--A mineral species of calcium carbonate (CaC01) 

with a crystal structure different from that of vatcr
itc and calcite, which arc the other two forms of 
CaC01• It is precipitated from ocean surface waters 
mainly by organisms (e.g., coral) that use it to 
make their shells and skeletons. [I 00, I 08) 

Arctic haze-A persistent winter diffuse layer in the Arctic 
atmosphere whose origin may be related to long
rangc transport of midlatitudc continental man
madc pollutants. (109) 
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atmosphere (Aa)-A standard unit of pressure representing the 
pressure exerted by a 29.92-in. column of mercury 
at sea level at 45° latitude and equal to IOOO 
g/cm2

• [140} 

atmosphere {llle)-The envelope of air surrounding the Earth 
and bound to it by the Earth's gravitational attrac
tion. Studies of the chemical properties, dynamic 
motions, and physical processes of this system con
stitute the field of meteorology. (9] 

atmospheric hlrtlldcace-A state of the flow of air in which 
apparently random irregularities occur in the air's 
inslantaneoua velocities, often producing major 
deformations of lhe flow. [100, 127] 

atmospberlc wladow-The spectral region between 8.5 and 
11.0 microns where the atmosphere is essentially 
transparent to longwave radiation. [I OS] 

autotropbk-An organism that produces food from inorganic 
su bstanccs. [ 140] 

barocllalc model-A model of atmospheric circulation that, in 
contraat with barotropic models, docs not constrain 
constant-pressure surfaces to coincide . with 
conatant-densily surfaces. [ 100) 

basal alld1ng (bual sllp)-The movement or speed of move
ment of a glacier on its bed. (102) 

badlymetry-The science of measuring ocean depths to deter
mine the topography of the sea floor. [JOO) 

beatbk or1aalam (bentllos)-A fonn of aquatic plant or 
animal life that is found on or near the bottom of a 
stream, lake, or ocean. [140) 

beathlc regl-The bottom layer of a body of waler. {140) 

blogeocbemlcal cyde-The chemical interactions among the 
atmosphere, biosphere, hydrosphere, and litho
sphere. [ I 00) 

biological proclucdrlty-The amount of organic matte{, car
bon, or energy content that is accumulated during a 
given time period. (I 00 J 

blo--The total dry organic matter or stored energy con
tent of living organisms that is present at a specific 
time in a defined unit (community, ecosystem, crop, 
etc.) of the Earth's aurface. [ 10, 11) 

biosphere-The portion of Earth and its atmosphere that can 
support life. The part (reservoir) of the global car
bon cycle that includes living organisms (plants and 
animals) and life-derived organic matter (litter, 
detritus). The terrestrial biosphere includes the liv-
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ing biota (plants and animals) and the litter and 
soil organic matter on land, and the marine bio
sphere includes the biota and detritus in the oceans. 
[12, 140) 

biota-The animal and plant (fauna and flora) life of a given 
area. [ 100) 

bitumen-Dark, naturally occurring solid or semisolid sub
stances composed mainly of a mixture of hydrocar
bons with little oxygen, nitrogen, or sulfur. (100] 

buffer factor (RereUe factor)-The ratio of the instantaneous 
fractional change in the partial pressure of C02 

(pCO,) exerted by seawater lo the fractional 
change in total CO, dissolved in the ocean waters. 
The buffer factor relates the partial pressure of 
C01 in the ocean to the total ocean C02 concentra
tion at constant temperature, alkalinity and salinity. 
The Revelle factor is a useful parameter for exam
ining the distribution of C01 between the atmo
sphere and the ocean, and measures in part the 
amount of C01 that can be dissolved in the mixed 
surface layer. [IJ-16) 

C3 plants-Plants (e.g., soybean, wheat, and cotton) whose 
carbon-fixation products have three carbon atoms 
per molecule. Compared wilh C4 plants, CJ plants 
show a greater increase in photosynthesis with a 
doubling of CO, concentration and less decrease in 
stomalal conductance, which rcsulu in an increase 
in leaf-level water-use efficiency. [ llO, 111] 

C4 planb-Plants (e.g., maize and sorghum) whose carbon 
fixation products have four carbon atoms per 
molecule. Compared with CJ planu, C4 plants 
show little photosynthetic response to increased CO, 
concentrations above 340 ppm but show a decrease 
in stomata! conductance, which results in an 
increase in photosyntlietic water-use efficiency. 
(JIO, Ill) 

calcrete-A surficial gravel and sand conglomerate cemented 
by calcium carbonate. [ IOO) 

caUcbe-Also called hardpan; an opaque, reddish-
brown-to-white calcareous material, which occurs in 
layers near the surface of stony soils in arid and 
semiarid areas. ( 100] 

Cahla cycle-The incorporation of C01 into glucose by enzy
matic reactions. (103) 

CAM planla (cnusulacean acid metabollam)-Plants (e.g, 
cactus and other succulents) that, unlike the CJ 
and C4 plants, temporarily separate the processes 
of carbon dioxide uptake and fixation when grown 

9 



under arid conditions. They take up gaseous carbon 
dioxide at night when the stomata arc open and 
water Joss is minimal. During the day when the sto
mata arc closed, the stored C01 is released and 
chemically processed. When CAM plants arc not 
under water stress, they then follow CJ photosyn
thesis. [ 122) 

canopy-The branches and leaves of woody plants that arc 
formed some distance above the ground. [ 116) 

carbon-based resource&-The recoverable fossil fuel (coal, gas, 
crude oils, oil shale, and tar sands) and biomass 
that can be used in fuel production and consump
tion. (23) 

c:arboa budget-The balance of the exchanges (incomes and 
losses) of carbon between the carbon reservoirs or 
between one specific loop (e.g., atmosphere - bio
sphere) of the carbon cycle. An examination of the 
carbon budget of a pool or reservoir can provide 
information about whether the pool or reservoir is 
functioning as a source or sink for C01• (17, 18) 

carbon cycle-All parts (reservoirs) and fluxes of carbon; usu
ally thought of as a series of the four main reser
voirs of carbon interconnected by pathways of 
exchange. The four reservoirs, regions of the Earth 
in which carbon behaves in a systematic manner, 
arc the atmosphere, terrestrial biosphere (usually 
includes fresh water systems), oceans, and sedi
ments (includes fossil fuels). Each of these global 
reservoirs may be subdivided into smaller pools 
ranging in size from individual communities or 
ecosystems to the total of all living organisms 
(biota). Carbon exchanges from reservoir to reser
voir by various chemical, physical, geological, and 
biological processes. [ 19, 20, 21 ) 

carbon density-The amount of carbon per unit area for a 
given ecosystem or vegetation type, based on 
climatic conditions, topography, vegetative-cover 
type and amount, soils, and maturity of the vegeta
tive stands. (22) 

carbon dioxide fertlllzatlo11-Enhanccment of plant growth or 
of the net primary production by CO, enrichment 
that could occur in natural or agricultural systems 
as a result of an· increase in the atmospheric con
centration of CO,. (21 J 

carbon dioxide reference gu-A mixture of a known quantity 
of C02-in-air or C02-in-N2 used lo calibrate carbon 
dimtidc analyzers. [ 34) 

carbon nux-Thc rate of exchange of carbon between pools 
(reservoirs). [ 22) 
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carbon laotope rallo-Ralio of carbon-12 to either of the 
other, less common, carbon isotopes, carbon-13 or 
carbon-14. [JOO) 

carbon pool-The reservoir containing carbon as a principal 
clement in the geochemical cycle. [ 22 J 

carbon sink-A pool (reservoir) that absorbs or takes up 
released carbon from another part of the carbon 
cycle. For example, if the net exchange between the 
biosphere and the atmosphere is toward the atmo
sphere, the biosphere is the source, and the atmo
sphere is the sink. [ 19, 20) 

carbon source-A pool (reservoir) that releases carbon to 
another part of the carbon cycle. (19, 20) 

calanadromoos--Fish that swim downstream to spawn. (140] 

Cberaozem (Tcheruozem}-A major group of dark-colored 
zonal soils with a rich and deep humus horizon 
occurring in temperate-to-<:ool, subhumid climates. 
(100) 

cbloronuorocarbom--A family of inert nontoxic and easily 
liquified chemicals used in refrigeration, air condi
tioning, packaging, and insulation or as solvent& or 
aerosol propellants. Because they arc not destroyed 
in the lower atmosphere, they drift into the upper 
atmosphere where their chlorine components de
stroy ozone. ( 140) 

chloroplast-An organelle in the cells of green plants. It con
tains chlorophyll and functions in photosynthesis 
and protein synthesis. [ 100) 

clear cutting-A forest-management technique that involes 
harvesting all the trees in one area at one time. 
(140) 

climate-The statistical collection and representation of the 
weather conditions for a specified area during a 
specified time interval, usually decades, together 
with a description of the stale of the external sys
tem or boundary conditions. The properties that 
characterize the climate arc lhcnnal (temperatures 
of the surface air, water, land, and ice), kinetic 
(wind and ocean currents, together with associated 
vertical motions and the motions of air ID888eS, 

aqueous humidity, cloudiness and cloud water con
tent, pound.,ater, lake lands, and water content of 
snow on land and sea ice), and static (pressure and 
density of the atmosphere and ocean, composition 
of the dry air, salinity of the oceans, and the 
geometric boundaries and physical constants of the 
system). These properties arc interconnected by the 
various physical processes such as precipitation, 
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evaporation, infrared radiation, convection, advcc
tion, and turbulence. ( 25, 26] 

cllmate cbance--Thc long-term nuctuations in temperature, 
precipitation, wind, and all other aspects of the 
Earth'• climate. External proce.HCS, 1uch as solar
irradiance variation&, variation& of the Earth's orbi
tal parameters (ccccntricity, precession, and inclina
tion), lithosphere motions, and volcanic activity, arc 
facton in climatic variation. Internal variations of 
the climate system also produce fluctuations of suf
ficient magnitude and variability to explain 
observed climate change through the feedback 
processes interrelating the components of the cli
mate system. (24] 

climate HDSidYlty-Thc magnitude of a climatic response to a 
perturbing influence. In mathematical modeling of 
the climate, the difference between simulations as a 
function of change in a given parameter. ( 107} 

climate slpal- A statistically significant difference between 
the control and disturbed (sec climate semlddty) 
simulations of a climate model. ( 107] 

cllmate system-The five physical components (atmosphere, 
hydrosphere, cryosphcre, lithosphere, and bio
sphere) that arc responsible for the climate and its 
variations. (25] 

climate .arlad-Thc change in one or more climatic vari
ables over a specified time. (26) 

climadc auJoe-A past climate situation in which changes 
similar to the present occurred. Used in making 
climatic projections. (I 07) 

climadc anomaly-The deviation of a particular climatic vari
able from the mean or normal over a specified time. 
(25, 26) 

climatic opdmam-Thc period in history from about 5000 to 
about 2500 B.C. during which surrace air tempera
tures were warmer than at present in nearly all 
regions of the world. In the Arctic region, the tem
perature rose many degrees, and in temperate 
regions, the increase was l.0°-l.7°C. In this 
period, glaciers and ice-sheets receded greatly, and 
the melt-water raised sea level by about 3 meters. 
[27, 28] 

cloud--A visible mass of condensed water vapor particles or 
ice suspended above the Earth'• surface. Clouds 
may be classified on their visual appearance, height, 
or form. [3, 29) 
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cloud albedo-Reflectivity that varies from less than I 0 to 
more than 90% of the insolation and depends on 
drop sizes, liquid water content, water vapor con
tent, thickness of the cloud, and the sun's zenith 
angle. The smaller the drops and the greater the 
liquid water content, the greater the cloud albedo, 
if all other fact on arc the same. ( 29] 

cloud fttdback-Thc coupling between cloudiness and surface 
air temperature in which a change in surface tem
perature could lead to a change in clouds, which 
could then ampliry or diminish the initial tempera
ture perturbation. For example, an increase in sur
face air temperature could increase the evaporation; 
this in turn might increase the extent of cloud 
cover. Increased cloud cover would reduce the solar 
radiation reaching the Earth's surface, thereby 
lowering the surface temperature. This is an exam
ple of negative feedback and docs not include the 
cff.:cts of loopue radiation or the advcction in the 
oceans and the atmosphere, which must also be 
considered in the overall relationship of the climate 
system. [ 30, 3 I] 

coastal zone-Lands and waters adjacent to the coast that 
exert an influence on the uses of the sea and itS 
ecology or whose uses and ecology arc affected by 
the sea. [ 140] 

compostlnc-Thc natural biological decomposldoa of organic 
material in the presence of air to form a humus-like 
material. [140) 

continental crust-The layer of the Earth that lies under con
tinents and the coatlntental abel•es. It ranges in 
thickness from 35 to 60 km. Its upper layer has a 
density of -2.7 g/cm1 and is composed of rocks 
that arc rich in silica and alumina. [100, 130] 

coatlneatal plate--A thick continental crust. (100) 

coatloeotal shelf-Those parts of the continent that arc 
covered by water. They are several to more than 
322 km wide and about I 22 m deep. At the edges 
of the shelves, the continental slopea drop rapidly 
from 100 to 200 m to 3000 to 3700 m. [IOI J 

coatlaental 1lope&-Scc continental shel•es. 

coa•ecd-Atmospheric or oceanic motions that arc predom
inately vertical and that result in vertical transport 
and mixing of atmospheric or oceanic properties. 
Because the most striking meteorological features 
result if atmospheric convective motion occurs in 
conjunction with the rising current of air (i.e., 
updrafts), convection is sometimes used to imply 
only upward vertical motion. (32) 
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coarectbe adjustment-A numerical procedure applied in 
many atmospheric models to approximate the verti
cal nonradiative beat transport. This procedure 
adjusts tho lapse rate whenever necessary so that 
.t0mc prescribed critical lapse rate is never 
exceeded. [32] 

coarer1euc:~Thc quasi-horizontal flow of a fluid toward a 
common destination from different directions. 
W~en wa1er~ of different origin• come together at a 

!''I"' . ,. ·•1 · ·n ~ ~· jj1• · lr.· ,.r , .. ,. ,. . 1·1·•·) II•· ·I ' . I j>oml or 11 011~ a ue co11veike11ce ue , 1e 1 e1l~e 
water from one aide sinks under the lighter water 
from other side, The ocean convergence lines arc 
lhc polar, subtropical, tropical, and equatorial. Also 
sec dlrer1eece. [ 117] 

Codolla efTec:t-The tendency for an object moving above the 
Earth to turn t.o tho right in the Nonhorn 1 lemi
sphcre and to the len in the Southern Hemisphere 
relative to the Eanh's surface. The effect arises 
because the Earth rotates and is not, therefore, an 
inertial reference frame. [ 100) 

cotyledo1t-A leaf or leaves of the embryos of seed plants. 
They can function in food storage and can become 
photosynthetic when the S<:Cd germinatcs'. ( l 03 j 

crop water-use d11cle11cy-A measure at the eoosystem love.I 
of how well plants use available waler in growth. 
The grams of dry weight gained by planu during 
the growing season per unit land area are divided 
by the millimeters of water lost (including evapora
tion directly from the soil). ( 136, 137) 

cryosp.bere-The portion of the climate system consisting of 
the wo.rld's ice masses and snow dcposiu, which 
includes lhc continental ice sheets, mountain gla
ciers, aca ice, su.rface soow cover, 1tnd la.kc and river 
ice. Changes in snow cover on the land surfaces arc 
by and large ac1LSO.nal and closely tied to the 
mechanics of atmospheric circulation. The glaciers 
and ice sheets arc closely related lo the global 
hydrologic cycle and to vuiations of sea level and 
chllDge in volume and extent over periods ranging 
from hundreds to millions of years. {33) 

decomposera--Heterolrophic organisms that break down dead 
protoplum and use some of the products and 
release others for use by consumer organisms. (100) 

decompoeltJ-The brukdown of metier by bacteria and 
run&L It changes lbc chemical makeup and physical 
appearance of materials. [ 140) 

deep water-Thal part of the ocean below the main thermo-
. clinc. (100) 
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deforestatlon--The removal of forest stands by culling and 
burning to provide land for agricultural purposes, 
residential or industrial building sites, roads, etc. or 
by harvesting the trees for building materials or 
fuel. Oxidation of organic matter releases C0

2 
to 

the atmosphere, and regional and global impacts 
may result. (35, 36) 

deadrocluonology-The dating of past events and variations in 
lho environment and lhe climate by studying the 
111111uol gruwll1 rings or trees. The approxjmate ago 
of a temperate forest tree can be determined by 
counting the annual growth rings in the lower part 
of the trunk. The width of these annual rings is 
indicative of the climatic conditions during the 
period of growth: w.ide annual rings signify favor
.able growing conditions, ·absence of diseases and 
pests, and favorable climatic conditions, while m1r
row rings indicate unfavorable growing conditions 
or climate. ( 39, 40, 41 j 

deodrocllmatology-The use of tree growth rings as proxy cli
mate indicators. Tree rings record responses to a 
wider range of climatic variables over a larger part 
of the Earth than any other type of annually dated 
proxy record. (37, 38 J 

desertlflcatloa-Thc progressive destruction or degradation of 
vegetative cover especially in arid or semiarid 
regions bordering existing deserts. Overgrazing of 
rangelands, large-scale cutting of forests and wood
lands, drought, and burning of cltlcnsive areas ·au 
serve to destroy or degrade the land cover. The 
climatic impacts of this destruction include 
increased albedo leading to decreased precipitation, 
which in turn leads to less vegetative cover: 
Increased atmospheric dust loading could lead to 
decreased monsoon rainfall and greater wind ero
sion and/or atmospheric pollution. [42] 

dlffereotiallon--The process by which single cells grow into 
particular forms of specialized tissue (e.g., root, 
stem, or leaf). (140) 

dlrercenc~A horizontal now of water, in different directions, 
from a common center or zone; it is often associ
ated with upwe1Un1. Also see couergeace. [117) 

down1Jdllna- The prOCCM of accumulation and sinking of 
warm surface waters along a coastline. A change of 
air now of the atmosphere can result in the sink.ing 
or downwclling of warm surface water. The result
ing reduced nutrient supply near the surface affects 
the ocean productivity llOd meteorological condi
tions of the coastal regions in t.hc downwclling area . 
[43) 
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ec:osynem-Thc interacting s11tcm of a biological community 
and its nonliving covironmcotal surroundings. [ 140) 

eddy-A circular movement of water or air that is formed 
where currents pus obstructions or between two 
adjacent currents that are flowing counter to each 
other. (67) 

El Cblc-Active volcano 7300 rt (2225 m) high in Mexico. 
The last eruption was in 1983. [ 112) 

El Ntio-An irregular variation of ocean current that from 
January to March flows off the west coast of South 
America, carrying warm, low-salinity, nutricml·poor 
water to the south. It doca not usually extend 
farthor than a few degrees south of the equator, but 
occasionally it docs penetrate beyond 12°S, displac
ing the relatively cold Peru CurrcnL The effects or 
this phenomenon arc generally short-lived, and fish
ing is only slightly disrupted. Occasionally ( in 1891, 
1925, 1941, 1957- 58, 1965, 1972- 73, 1976, and 
1982-83). lhe effects arc major and prolonged. 
Under these conditions, sea surface temperatures 
rise along the coast of Peru and in the equatorial 
eastern Pacific Ocean and may remain high for 
more than a year, having diaastroua effccta on 
marine life and fi•hing. Excessive rainfall and 
flooding occur in the normally dry coastal area or 
western tropical South America during these events. 
Some oceanographers and meteorologists consider 
on ly the major, prolonged evenu as El Nino 
phenomena rather than the annually occurring 
weaker and short-lived ones. The name waa origi
nally applied ·10 the latter evenlJ because of their 
occurrence at Chr!Jtmas time. [ 45--48) 

emlsslou-Materials (gases, particles, vapors, chemical com
pound•, etc.) that come out of smokestacb, chim
neys, and tailpipci. [ 138) 

emlsslrlty-lbe ratio of the radiation emitted by a surface to 
that emitted by a black body al the same tempera
ture. ( 100) 
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nier17 baJa.ace modela-An analytical technique to study the 
solar radiation incident on the Earth in which expli
cit calculations of atmospheric motions are omitted. 
In the zero-dimensional models, only the incoming 
and outgoing radiation is considered. The outgoing 
Infrared radladoa is a linear function of global 
mean surface air temperature, and the reflected 
solar radiation is dependent on the surface albedo. 
The albedo is a step function of the global mean 
surface air temperatures, and equilibrium tempera
tures arc computed for a range of values of the 
solar constant. The one-dimensional models have 
surface air temperature as a function of latitude. At 
each latitude, a balance between incoming and out
going radiation and horizontal transport of heal is 
computed. (Abbreviated as EBM.) (49) 

eaYlroameot-The sum of all external conditiona affecting the 
life, development, and survival of an organism. 
(140) 

epldemlolOIJ-Thc study of diseases as they affect popula
tions, including the distribution of disease or other 
health-related states and events in human popula
tions, the factors (e.g., age, sex, occupation, and 
economic status) that influence this distribution, 
and the application of this study to control health 
problems. (140) 

eciulllbrlam ~The lcYel on a glacier where accumulation 
equals ablation and the net balance equals zero. 
(100) 

eatuary-Regions of interaction between rivers and near-shore 
ocean waters, where tidal action and river flow 
create a mixing of fresh and salt water. [ 140) 

euphodc zooe--The layer of a body of water that receives suf
ficient sunlight for photosynthesis. The depth of 
this layer, which is aliout 80 m, is determined by 
the water's extinction coefficient, the cloudiness, 
and the sunlight's angle of incidence. _( 101) 

eupotraosplratloo-Discharge of water from the Earth's sur
face to the atmosphere by evaporation from bodies 
of water, or other surfaces, and by transpiration 
from plants. [ 100) 

feedback mechaa.lam.-A sequence of interactions in which 
the final interaction influences the original one. 
Also ace posltbe feedback and neg•dYe feedback. 
(50) 

r-A type of wetland that accumulates peat deposits; they 
arc less acidic than bogs, deriving most of their 
water from groundwater rich in calcium and mag
nesium. ( 140) 
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flra-Material that is transitional between snow and glacier 
ice. It is formed from snow after passing through 
one summer melt season and becomes glacier ice 
after its permeability to liquid water falls to zero. 
[100) 

fint cletecU-Identification of a -precursor signal,• detect
able above the -noise" of natural climatic variabil
ity, of a significant change in a climate parameter 
and attribution of this change to an increase in 
atmospheric carbon dioxide concentration. The sig
nal may be estimated by numeric modeling of the 
climate, and. the noise can be estimated using 
instrumental data. For any modeled signal that is 
estimated, the corresponding noise can be estimated 
from observational data, and a signal-ti>-noise ratio 
can be calculatCd to provide a quantitative measure 
of detectability. [SI, 52, 53) 

flarlnc-Tbe burning of waste gases through a flare slack or 
other device before releasing them lo the air. [ 138) 

Dow law-In glaciology, a constitutive relation for the analysis 
of three-dimensional deformation slates of ice sub
jected to stresa. [ 124, 125] 

fe11-Liquid particles less than 4-0 microns in diameter that 
arc formed by condensation of upor in air. [ 140) 

food cbala-A sequence of organisms, each of which uses the 
next lower member of the sequence as a food 
source. [140) 

fosaU fuel-Any hydrocarbon deposit that can be burned for 
heat or power, such as petroleum, coal, and natural 
gas. [100) 

funp-Molds, mildews, yeasts, mushroom&, and puffballs, a 
group of organisms that lack chlorophyll and there
fore are not photosynthetic. They are usually non
mobilc, filamentous, and multicellular. (140) 

1eneral clrculadoa model9-Hydrodynamic models of the 
atmosphere on a grid or spectral resolution that 
determine the surface pressure and the vertical dis
tributions of velocity, temperature, density, and 
water vapor as functions of time from the mau 
conservation and hydrostatic laws, the first law of 
thermodynamics, Newton's second law of motion, 
the equation of state, and the conservation law for 
water vapor. Abbreviated as GCM. Atmospheric 
general circulation models are abbreviated AGCM, 
whilo oceanic general circulation models are abbre
viated OGCM. (54) 

1eomorpbol111Y-The study of present-day landforms, includ
ing their classification, description, nature, origin, 
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development, and relationships to underlying struc
tures. Also the history of geologic changes as 
recorded by these surface features. The term is 
sometimes restricted to features produced only by 
erosion and deposition. [I 02] 

geoepbere-The solid mass (lithosphere) of the Earth as dis
tinct from the atmosphere and hydrosphere or all 
three of these layers combined. [ 100) 

geostrophlc now-A type or movement where the Coriolis 
force balances exactly the horizontal pressure force. 
[JOO) 

glacial 

glacial 

maxJmum-Tbc position or time of the greatest 
advance of a glacier (e.g., the greatest equatorward 
advance of Pleistocene glaciation). [ 100] 

rebound-The isostatic adjustment of previously 
glaciated areas after glacial retreat (e.g., the uplift 
of Scandinavia after the most recent glaciation). 
[114) 

glacier-A mass of land ice that is formed by the cumulative 
recrystallization of firn. A glacier flows slowly (at 
present or in the past) from an accumulation area 
to an ablation area. Some well-known glaciers are: 
the Zennatt, Stechclberg, Grindelwald, Trient, Les 
Diablcrcls, and Rhone in Switzerland; the Nigards, 
Gaupnc, Fanarak, Lorn, and Dover in Norway; the 
Wright, Taylor, and Wilson Piedmont glaciers in 
Antarctica; the Bossons Glacier in France; the 
Emmons and Nisqually glaciers on Mt. Ranier, 
Washington; Grinnell glacier in Glacier National 
Park, Montana; the Dinwoody glacier in the Wind 
River Mountains and the Teton glacier in Teton 
National Park, both in Wyoming; and many gla
ciers in the Canadian Rockies. [ 100, I 01) 

glacier now (Ice now}-Thc slow downward or outward move
ment of ice in a glacier caused by gravity. (102) 

greenhouse effect-A popular term used to describe the roles 
of water vapor, carbon dioxide, and other trace 
gases in keeping the Earth's surface wanner than it 
would be otherwise. These •radladnly acdn" gases 
arc relatively transparent to incoming shortwave 
radiation, but arc relatively opaque to outgoing 
longwa•e radladon. Tho latter radiation, which 
would otherwise escape to space, is trapped by these 
gases within the lower levels of the atmosphere. The 
subsequent rcradiation of some of the energy back 
to the surface maintains surface temperatures 
higher than they would be if the gases were absent. 
There is concern that increasing concentrations of 
greenhouse gases, including carbon dioxide, 
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greenhouse psea--Tbosc gases, such as water vapor, carbon 
dioxide, tropospheric ozone, nitrous oxide, and 
methane, that arc transparent to solar radiation but 
opaque to loqware ndlltloa. Their action is simi
lar to that or glass in a greenhouse. Also see 
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srosa primuJ ~The total amount or weight of 
organic matter created by photosynthesis over a 
defined time period (total product of photosyn
thesis). Abbreviated GPP. (56) 

groood corer-Plants grown to keep soil from eroding. (140) 

groandlog llae-Tbc boundary between the area where an ice 
shelf or a glacier is floating on water and where it 
is in contact with the shore or underlying earth 
("grounded"). (125) 

sroundwatcr-Tbe supply of fresh water found beneath the 
surface of the Eanb (usually in aquifers) that often 
supplies wells and springs. (I 40) 

srowtli watu-use cfficlm<:y- A measu.re at the individual 
plant level of how well plants U$C available waler in 
growth. The units of dry matter synthcaiz.cd arc 
divided by the uniu of water lost. [ 136, 137 J 

Gall Stream meuclcr-A transient winding bend in the Gulr 
Stream. These bends intensify u the Gulf Stream 
merges into the Nonh Atlantic and can break up 
into detached eddies at about 40"N. [ 100) 

w-Major circular flow patlerm in the oceans. The wind
driven eastward- and westward-flowing equa.toriaJ 
cunents arc blocked by the continents and rotate 
slowly in a cloc.kwisc direction in the North Atlan
tic and Pacific Oceans and in a countcr-elockwiJe 
direction in the South Atlantic, South Pacific, and 
Indian Oceans. [57, 58) 

Hadley cell-A direct thermally-driven and zonally symmetric 
large-scale atmospheric circulation first proposed by 
George Hadley in 1735 as an e1tplanation for the 
trade winds. It carriea momentum, sensible heal, 
and potential heal from the tropics to the mid
lalitudes {30°). The poleward t.ranspon aloft iJ 
complemented by subsidence in the subtropical high 
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u.iocn-Jn the oceans, a well-defined vertic:al gradient of 
salinity. [ 100) 
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beterotroplw--Organisms that break down and use organic 
matter. (100) 

blstoaol-Wet organic soils, such as peats and muclcs. [ 100) 

Holdrld1e Ufc ZOM--A climate category defined by three 
weighted climatic indexes, namely, mean annual 
beat, precipitation, and atmospheric moisture. [94) 

Holoc:-. The most recent epoch of the Quaternary period, 
covering approximately the last I0,000 years. (28) 

b1UDas-Dccomposcd organic material. ( 140) 

bydroloSlc budget-A quantitative accounting of all water 
volumes and their cbangea with time for a basin or 
area. ( 120] 

bydroloilc cyde-The process of evaporation, vertical and 
horizontal transport of vapor, condcnution. precipi
tation, and the now of water from continents to 
oceans. lt is a major factor in determJning climat.e 
through its innucncc on surface vegetation, the 
clouds, snow and ice, and soil moisture. The bydro
logic cycle i.s responsible for 25 to 30 percent of the 
mid-latitudes' heat transport from the equatorial to 
polar regions. (59) 

bydrolOl)'-The science dealing with the properties, distribu
tion, and circulation of water. [140) 

hydrosphere-The aqueous envelope of the Eanb, including 
the oceans, freshwater lakes, rivers, saline lakes and 
inland seas, soil moisture and vadosc water, ground
waters, and atmospheric vapor. (60) 

bydroststfc equadon-ln the vector equation of motion, the 
form assumed by the vertical component when all 
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Coriolis, earth-curvature, frictional, and vcrtical
acceleration terms are considered negligible com
pared with those involving the vertical pressure 
force and the force of gravity. The error in applying 
lhe hydrostatic equation to the atmosphere for 
cyclonic-scale motions is less· than 0.0 I%. [n 
extreme situations, the strong vertical accelerations 
in thund.erstorms and mountain waves can be I% or 
gravity. [3] 

bypiilthermal period-The period about 4000 to 8000 year5 
ago when the Barth was appllienlly several degr"' 
wanner than it iJ now. More rainfall ()C(:Urred in 
~(IS\ <>( \ho 1ubtto~ical desert regions and less in 

t'he ~-c111 r1t\ mt~''-61 \)hltM S1~1c~ hh~ ~i.h.~i11~,~~ . 
ll is also called the Mahilhermal perio<r and can 
serve as a past climate an.alog for predicting lhc 
regional pallern of climate· change should the mca.n 
Barth surface temperature increase from an 
increase in aunosphcric carbon dioxide concentra· 
tion. (27, 28] 

Ice age-A glacial epoch or time of extensive glacial activity. 
Also, as lee Age, which refers to the latest glacial 
epoch, the Pleistocene Epoch. [ 102] 

Ice ud 1Dow albcdo--Tbe reflectivity of ice and snow-covered 
surfaces. The albedo of freshly fallen snow may be 
as much as 90%, while older snow may have values 
of 75% or less. The larger lhe areal extent of snow 
and ice cover, the higher the albedo value. The sur
face albedo will also increase as a function of the 
depth of snow cover up to 13 cm and be unaffected 
by increased snow cover artcr reaching that depth . 

(5, 61] 

Ice aJJd 111ow-albed1>-temperature reedback-lnteractions that 
can be described as a theoretical concept of a feed· 
back mechanism in which the interacting clements 
arc the areal extent of polar ice and snow cover, the 
albedo of lhc polar region (dependent on areal 
extent of ice and snow), absorption of solar radia
tion (dependent on the albedo), temperature 
(dependent on the absorption of solar radiation) 
and the area of ice and snow cover (dependent on 
temperature). Less snowfall would mean more 
absorption or solar radiation, therefore a surface 
warming would occur. Climate modeling studies 
indicate an amplification effect (i.e., poslthe reed
back) of the ice and snow-albedo feedback on 
increased surface air temperatures caused by 
increases in the atmospheric concentration of car
bon dioxide. (SO] 

Ice coTer-During the present lime, the extent, especially the 
thickness, of glacier ice nn a land surface. Also the 
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same as ice concentration, which is the ratio of an 
area of sea ice to the total area of sea surface 
within some large geographic area. (102] 

Ice now-Sec glacier now. 

Ice rront-The floating vertical cliff that forms the seaward 
face or edge of a glacier or an ke abelf that enters 
waler. It can vary from 2 to SO min height. (102] 

Ice sheet (continental glacler)-A sJacler of considerable thick
ness and more than 50,000 sq km in area. It forms 
a continuous cover of ice and snow over a land sur
f ace. An ice sheet is not confined by the underlying 
t~h~ b11t '!?reads outward in all directions. 
During the Plebtoc:eine Epocb, ice sbcc:ts ~ 
large parts of North America and northern Europe 
but they arc now confined to polar regions (e.g., 
Greenland and Antarctica). [ 102) 

lee shelf-A sheet of very thick ice with a level or gently 
undulating surface. It is anached to the land on one 
side, but most of it is floating. On the seaward side, 
it is bounded by a steep cliff (Ice fro1>t) 2 to 50 m 
or more above sea level. Ice shelves have formed 
along polar coasts (e.g., Antarctica and Greenland); 
they arc very wide with some extending several 
hundreds or kilometers toward the sea from the 
coastline. They increase in size from annual snow 
accumulation and seaward extension of land 
glaciers. They decrease in size from warming, melt· 
ing, and calving. [I 02] 

Incident solar nllX-Scc solar lrradlance 

Infiltration (soU)-Movcment of water from the ground sur
face into the soil. [ 100] 

Infrared radlatlo...-Elcclromagnclic radiation lying in the 
wavelength interval from 0.7 µm to 1000 µm. Its 
lower limit is bounded by visible radiation, and its 
upper limit by microwave radiation, Most of the 
energy emilled by the E.arth and its atmosphere is 
at infrared wavelength. Infrared radlatloa is gen
erated almost entirely by large-scale intra
molccular processes. The tri-alomic gases, such as 
water vapor, carbon dioiddc, and ozone, absorb 
infrared radiation and play important roles in the 
propagation of infrared radiation in the atmosphere. 
Abbreviated IR; also called "loogwue radbtlou." 
[3, 62] 

lnsolatloo-Tbc $Olar radiation incident on a unit horizontal 
surface al the top of the atmosphere. It is some
times referred lo as solar irradiance. The latitudinal 
variation of lnsolation supplies the energy for the 
general circulation of the atmosphere. Insolation 
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depends on the angle of incidence of the solar beam 
and on the 110lar coastanl [ 62] 

lostuitaneoas tnuplratloa efficiency-A measure at the 
physiologic level of bow weU plants use available 
water in pliotoayathesls. The assimilation rate is 
divided by the transpiration rate; the moles of C02 
taken up arc divided by the moles of water lost 
through tramplratloa in a unit of time. [ 136, 137) 

IDTenlon-An anomaly in the normal positive lapse rste; usu
ally refen to a thermal inversion, in which tempera
ture increases rather than decreases with height. 
(141) 

lrrsdlance-The total radiant flux received on a unit area of a 
given real or imaginary surface. Also called the 
rsdlant Oox demlty. [ 119, 12 7) 

lsopynfc-A line on a chart that connccu all points of equal 
or constant density. ( 100) 

Isostatic adjustment ('-tatic compensatloa}-The prOCCS8 
whereby lateral transport at 

0 

thc Earth's surface 
from erosion or deposition is compcnsaled for by 
movements in a subc111Jtal layer lo maintain equi
librium among unit1 of varying masses and densi
ties. (100, 130] 

Isotherm-A line on a chart that connects all points of equal 
or constant temperature. (100) 

lsoto~ne of two or more atoms that have the same 
atomic number (i.e., the same number of protons in 
their nuclei) but have different mass numbers. 
(100) 

Krakatoa (Irabtau}-Active volcano 2667 ft (813 m) high in 
West Indonesia. It forms an ialand between Java 
and Sumatra. Its eruption in 1883, which was one 
of the most violent in modern times, scattered 
debris and darkened skies over vast areas. Addi
tional eruptions occurred in late 1927 and in the 
1960s. (113) 

lapse rate-The rapidity with which temperature decreases 
with altitude. The normal lapse rate is del'ined lo be 
3.6°F per 1000 feet change in altitude. The dry 
adiabatic lapse rate is about 5.5°F per 1000 feet, 
and the wet adiabatic lapse rate varies between 2 
and 5°F per 1000 feet. [64, 6S] 

latest heat-Energy transferred from the earth's surface to 
the atmosphere through the evaporation and con
densation processes. [ 63) 
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Le CbalcUer'• principle-When an external force is applied to 
an equilibrium system, the system adjusts lo mini
mize the effect of the force. (100) 

life zone-A climatically-del'ined class that can be associated 
with regions of soil and biota with a high unifor
mity in species composition and environmental 
adaptation. Sec Holdridge llfe zone. (94] 

Uthoapbere-The component of the Earth's surface comprising 
the rock, soil, and sediments. It is a relatively pas
sive component of the climate system, and its physi
cal characteristics are treated as fixed clements in 
the dclcrminalion of climate. [ 60) 

Utter-Undccomposcd plant residues on the soil surface. [116) 

Llttle Ice A1e-A cold period that lasted from about A.O. 
1550 to about A.O. 1850 in Europe, North Amer
ica, and Asia. This period was marked by rapid 
expansion of mountain glaciers, especially in the 
Alps, Norway, Ireland, and Alaska. There were 
three maxima, beginning about 1650, about 1770, 
and 1850, each separated by slight wanning inter
vals. (27, 28) 

loea-A buff-colored, wind-blown deposit of fine silt, which 
is frequently exposed in bluffs with steep faces. The 
thickness can range irom 6 to 30 m. The locss of 
the USA and Europe is thought to be the fine 
materials l'irst transported and deposited by the 
waters of melting ice sheels during the glacial 
period. It was later blown considerable distances 
with, in some cases, dcposilion in lakes. The origin 
of Asiatic locss, however, is apparently wind-blown 
dust from central Asian dcscns. (I 0 I) 

lonpBYe radiation-The radiation emitted in the spectral 
wavelength greater than 4 µm corresponding to the 
radialion emitted from . the Earth and atmosphere. 
It is sometimes referred to as "terrestrial radialion• 
or "infrared radiation," although somewhat impre
cisely. (62) 

manlt-A type of "etland that does not accumulate appreci
able peal deposits and is dominated by berbacious 
vegetation. Marshes may be fresh- or saltwater, 
tidal or nontidal. ( 140) 

mua balance-The application of the principle of the conser
vation of matter. For example, the mass of a glacier 
is not destroyed or created; the mm of a glacier 
and all its constitutive components remains the 
same despite alterations in their physical states. The 
mass balance of a glacier is calculated with the 
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input/output relationships of ice:, firn, and snow, 
usually measured in water equivalent. Output 
includes all ablative processes of surface: melting, 
basal melting, evaporation, wind deflation, calving, 
and internal melting. Input includes direct precipi
tation, avalanching, and the growth of superim
posed ice:. [ 124, 125) 

Mauna Loa-An intermittently active volcano 13,680 fl 
(4,170 m) high in Hawaii. Last eruption was in 
1984. Also sec Mauna Loa record. [113) 

Mauna Loa record--Thc record of measurements of atmo
spheric carbon dioxide concentrations taken al the 
Mauna Loa Observatory, Mauna Loa, Hawaii, 
since: March 1958. The Mauna Loa record is the 
longest reliable daily record of atmospheric carbon 
dioxide measurements in the world. [ 66 J 

Maunder minimum-The period from 1654 to 1714 when it 
was believed that there were no sunspots. It is now 
thought that there were some sunspots during that 
time but less than the numbers counted after 1800. 
(115] 

mean sea leTel-Thc average height of the sea surface:, based 
upon hourly observation of the tide height on the 
open coast or in adjacent waters that have free 
access to the sea. In the United Stales, it is defined 
as the average height of the sea surface: for all 
stages of the tide over a nineteen year period. Mean 
sea level, commonly abbreviated as MSL and 
referred to simply as "sea level,• serves as the refer
ence surface: for all altitudes in upper atmospheric 
studies. [ 67] 

meslc earironment-A habitat with a moderate amount of 
water. (100] 

me809Cale eddies (mode eddles}-ln the ocean, dense and 
irregularly-oval high- and low-pressure centers 
about 400 km in diameter. The intensities of 
currents in these centers arc about 10 times greater 
than the local means. (JOO] 

Mllankoritcb theory-An astronomical theory formulated by 
the Yugoslav mathematician Milutin Milankovitch 
that associates climate change with fluctuations in 
the seasonal and geographic distribution of insola
tion determined by periodic variations of the 
Earth's cccc:ntricity and obliquity and the longitude 
of the perihelion. [55, 69, 130] 

mist-Liquid particles 40 to 500 microns in diamc.tcr that arc 
formed by condensation of npor in air. [ 140] 
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modeling-An investigative technique that uses a mathemati
cal or physical representation of a system or theory 
that accounts for all or some of its known proper
ties. Models arc often used to test the effects of 
changes of system components on the overall per
formance: of the system. (140) 

monsoon-A name for seasonal winds, first applied to the 
winds over the Arabian Sea that blow for six 
months from the northeast and for six months from 
the southwest. The lenn has been extended to simi
lar winds in other parts of the world (i.e., the pre
vailing west to northwest winds of summer in 
Europe have been called the "European monsoon"). 
The primary cause for these seasonal winds is the 
much greater annual variation of temperature over 
largt land areas compared with neighboring ocean 
surfaces, causing an excess of pressure over the con
tinents in winter and a deficit in summer, but other 
factors, such as topography of the land, also have 
an effect. The monsoons arc strongest in the south
ern and eastern sides of Asia, but also occur along 
the coasts of tropical regions wherever the plane
tary circulation is not strong enough to inhibit 
them. The monsoon climate can be described as a 
long winter-spring "dry season,• which includes a 
"cold season" followed by a short "hot season" just 
preceding the rains; a summer and early autumn 
rainy season, which is generally very wet but may 
vary greatly from year to year; and a secondary 
warming immediately after the rainy season. (3) 

natural selection-The process of survival of the fittest by 
which organisms that adapt to their environment 
survive while those that do not adapt disappear. 
(140] 

negathe feedback-An interaction that reduces or dampens 
the response of the system in which it is incor
porated. [ 50] 

net primary production-The part of the gross primary pro
duction that remains stored in the producer organ
ism (primarily green plants) after deducting the 
amount used during the process of respiration. 
Abbreviated NPP. (56] 

nntrleot-Any substance: assimilated by living things that pro
motes growth. (140] 

ocean mixing-Processes that involve rates of advection, 
upwclling/downwclling, and eddy diffusion and that 
determine bow rapidly excess atmospheric carbon 
dioxide can be taken up by the oceans. (69, 70) 

opacity-The degree of obscuration of light; for example, a 
glass window has almost 0% opacity, whereas a 
concrete wall has 100% opacity. [ 139] 
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opllcal tklcbesa (optical deptb}-ln calculating the transfer of 
radiant energy, the mass of an absorbing or emit
ting material lying in a vertical oolumn of unit 
cross-sectional area and clteoding between two 
specified levels. Also, the degree to which a cloud 
prevents light from passing through it; the optical 
thickness then depends on the physical constitution 
(crystals, drops, and/or droplets), the form, the 
concentration, and the vertical Client of the cloud. 
(100, 127) 

ozone--A molecule made up of three atoms of oxygen. In the 
statospbere, it occurs naturally and it provides a 
protective layer shielding the Earth from ultraviolet 

-~J,~~,~~o~~:~~'k·~~~~-~ .''•/,f,•u,!°~. "'-'I.~~ ·g~~- ·~, 
humans and the a.tr011.ment. 1n the tr~ it 
is a chemical oxidant and major component of 
photochemical 11m111. (140) 

paleosol--An ancient soil or soil horizon that formed on the 
surface during the geologic past. [I 00) 

paladlflcatfon--Thc clpaosion of a bog caused by the gradual 
rising of the water table as accumulation of peat 
impedes water drainage. [ I 00) 

paJynoioeY-The science of reconstructing the past flora and 
past climate from pollen data obtained from lake 
and bog sediments. The fossil pollen record is a 
function of the regional flora and vegetation at a 
given time and location. (68) 

particulate matter-Very small pieces of solid or liquid 
matter, such as particles of soot, dust, aerosols, 
fumes, or mists. [ 139) 

past climate aaalop---Tbe reconstructing of past climates at a 
given locality from modern climatic conditions in a 
different elevation or latitudinal zone to infer past 
climatic conditions. [ 68) 

pCOr-The partial pressure of C02 in the atmosphere and the 
ocean. In the atmosphere, the partial prcsaure of 
C02 is defined as the pressure the C02 would elert 
if all other gases were removed. The sum of the 
partial pressure of all the atmospheric gases will 
equal the atmospheric pressure. The partial pres
sure of C01 in the atmosphere is determined by the 
atmospheric C02 concentration and atmospheric 
temperature. In the ocean, the pC02 is determined 
by the amount of dissolved C02 and H2C0l. It 
varies with alkalinity, latitude, depth, and tempera
ture. Biological processes in the ocean also exert an 
influence on the pC02 in the ocean. [70, 71] 

percolatlon--Thc movement of water downward and radially 
through the subsurface soil layers, usually continu
ing downward lo the sroundw•trr. ( 140] 
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permafrost-Perennially frozen ground that occurs wherever 
the temperature remains below 0°C for several 
years. [JOO) 

pbcaology-Thc study or periodic biological phenomena with 
relation to climate, particularly seasonal changes. 
These phenomena can be used to interpret local 
seasons and the climatic zones. ( 100) 

photochemical smoe-Air pollution caused by chemical reac
tions among various substances and pollutants in 
the atmosphere. [I 40) 

pbotosyatbeala-The manufacture by plants of carbohydrates 
~ Myrer.·m... ~ittoi · ~~-.rm:; 'IL~ 
presence of chlorophyll with sunlight as the energy 
source. Oxygen and water vapor arc released in the 
process. Photosynthesis is dependent on favorable 
temperature and moisture conditions as well as on 
the atmospheric carbon dioxide concentration. 
Increased levels of carbon dioxide can increase net 
photosynthesis in many plants. [72, 73, 140) 

pbytoplaakt-That portion of the planktoa community 
comprised of tiny plants (e.g., aleae and diatoms). 
[140) 

planetary albedo-The fraction (approximately 30%) of 
incident solar radiation that is renectcd by the 
earth-atmosphere system and returned to space, 
mostly by backscatter from clouds in the atmo
sphere. [SJ 

planetary boundary layer-The transition region between the 
turbulent surface layer and the normally nontur
bulcnt free atmosphere. This region is about I km 
in thickness and is characterized by a wcll
devclopcd mixing generated by frictional drag es 
the air masses move over the Earth's surface. This 
layer contains approximately 10% of the mass of 
the atmosphere. Also called the -atmospheric boun
dary layer" or -frictional layer.• (74) 

plankton--Passivcly floating or wealcly motile aquatic plants 
(pbytoplaakton) and animals (zooplaalton). [100] 

Plebtocene--The earlier of the two epochs of the Quaternary 
period, starting 2 to 3 million years . before the 
present and ending about 10,000 years ago. It was 
a time of glacial activity. [ 130) 

posldn feedblclt:-An interaction that amplifies the response 
of the system in which it is incorporated. (SO] 

preclpltatloo--Any or all forms of liquid or solid water parti
cles that fall from the atmosphere and reach the 
Earth's surface. It includes drizzle, rain, snow, snow 
pellets, snow grains, ice crystals, ice pellets, and 
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bail. The ratio of precipitation to evaporation is the 
most important factor in the distribution of vegeta
tion zones. Precipitation is also defined as a meas
ure of the quantity, expressed in ocntimeters or mil
liliters of liquid water depth, of the water substance 
that has fallen at a given location in a specified 
amount of time. [75, 76] 

primary productlrlty-Scc cross primary productloa and net 
primary production. 

primary auctenlun --'I lie 11atu111( develojlfl1e11I of \l~g~l"ll1111 
and soil on a site that had not previously borne 
vegetation (e.g., a sand dune or lava now), which 
vegetation will be replaced by other, successive 
plant communities. [100, 131) 

prlmltlYe equatiom-Tbe Eulerian equations of nuid motion in 
which the primary dependent variables are the ve
locily componenu of the fluid. In meteorology, they 
can be specialized to apply directly to the cylonic
scale motions. [ 100) 

proxy cllmate lndlcatort-Dateable evidence or a biological or 
geological phenome.non whose condition, al least in 
part, is attributable to climatic conditions at the 
time of its fonnation. Proxy data arc any material 
that provides an indirect measure or climate and 
include documentary evidence of crop- yields, har
vest dates, glacier movements, tree rings, varves, 
glaciers and snow tines, insect remains, pollen 
remains, marine microfauna, isotope measurements: 
110, in ice sheets, 110, 1H, and ' 1C in tree rings; 
CaC01 in sediments; and spelcothems. There arc 
three main problems in using proxy data: (I) dat
ing, (2) lag and response time, and (3) meteorologi
cal interpretation. Tree rings, pollen deposiu from 
varved lakes, and ice cores ere the most promising 
proxy data sources for rccoiutructing the climate of 
the last five: millennia because the dating arc pre
cise on an annual basu while other proxy data 
sources may only be precise to ± 100 years. [78) 

pycnocllnc--ln the ocean, a region where the water density 
increases rapidly with depth. [ 100) 

pyrgeometer-An instrument that measures radiation from 
the earth's surfaoc into space. ( 100) 

Qualuuary perfod--Tbc latest per.iod of geologic time, cover
ing the most-recent 2,000,000 ye.ars of the Earth's 
history. lt is divided into two epochs: the 
Plebtocene-2 million years ago to approximately 
I 0,000 years ago-and the llolocene-the period from 
approximately 10,000 years ego to the present. The 
Quaternary period is the artificial division of time 
separating prehuman and human periods. It con
tains five ice ages and four interglacial ages, and 
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temperature indicalors seem to show sharp and 
abrupt changes by several degrees. [28, 127, 130) 

radiant nux denslly-The total flow of radiation received on a 
unit area of a given real or imaginary surface. Also 
called the lrradlaace. [119, 127) 

radiation balaace--The difference between the absorbed solar 
radialion and the ncl lafrued radlalfoa. Experimen
tal dala show that radiation from the earth's 
natural surfaces is rather close to the radiarion 
from a black body at the corccsponding tempera
ture; the ratio of the observed values of radiation to 
black body radiation is generally 0.9(}...l.O. [62) 

radlatlrH:onrectln D1oclel&--Tbennodynamic models that 
determine the equilibrium temperature distribution 
for an atmospheric: column and the underlying sur
face, subject to prescribed solar radiation at the top 
of the atmosphere and prescribed atmospheric com
position and surface albedo. Submode!J for lhe 
transfer of solar and terrestrial radiation, the heat 
exchange between lhe earth's surfaoc and atmo
sphere, the vertical redistribution of heat within the 
atmosphere, the atmospheric water vapor content 
and clouds arc included in these one-dimensional 
models. Abbreviated as RCM. [54] 

radhitlrely actlfe ga----Oascs that absorb incoming solar 
radiation or outgoing lalrared radiation, thus affect
ing the vertical tempcralure pr()file of the atmo
sphere. Most Irequcnlly being cilcd aJ being radia
tively active gases arc waler vapor, CO,. methane, 
nitrous oxide, chlorofluorocarbons, and orone. [ 132, 
133, 134) 

radlosoade--A balloon-borne instrument for lhe simultaneous 
measurement and transmission of meteorological 
data up to a height of approximalcly 30,000 meters 
(I 00,000 feet). The height of each pressure level of 
the obscrvalion is computed from data received via 
radio signals. [ 3] 

recbarge--The process by which water is added to a resenolr 
or zone of saturation, often by nmoff or percolatloa 
from the soil surface. [ 140) 

renectlrlty-The ratio of the energy carried by a wave that is 
reflected from a surface to the energy of a wave 
incident on the surface. [ 100) 

relatlYe aea lewel-The height of the boundary between sea 
and air as measured in relationship to a fixed refer
ence point on land. [ 126] 

resenolr-Any natural or artificial holding area used to store, 
regulate, or control a substance. [ 140) 
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residence time-The size of any specific rcscrvoir or pool of 
mass (e.g., carbon) divided by the total flux of mass 
into or out of that pool. (79] 

resplrad-A biochemical process by which living organisms 
take up oxygen from the environment and consume 
organic mailer, releasing both carbon dioxide and 
beat. In plBJJts, the organic manor in photosynthale 
produced during daylight hours. [80] 

Re•eUe factor-The ratio of the instantanl:OU5 fractional 
cbBJJge in the partial prcs.ture of CO, (pCO,) 
e11.erted by seawater to the fractional change in 
\\'I.to\ ~ ~\'-~~'q\\ \.\\ \~ \".~3.u. 'll"l.t(("!.. lb<- t-ufftt 
faci<)r relates the partial pressure ¢{ \.'Ui i11 IM 
ocean to the total ocean CO, concentration at con
stant tcmperaLUre, alkalinity and salinity. The 
Revelle factor is a usc:ful parameter for examining 
the distribution of C02 between the atmosphere and 
the ocean, and measures in part the amount of CO, 
that can be dissolved in tho mixed surface la.yer. 

[13-16] 

rocll:etsoade--A rocket-borne instrument for meuuremcnt and 
lransmi.ssion of upper-air meteorological dala in the 
lower 76,000 meters (250,000 feet) of the atmo
sphere, especially that portion inacccssiblc to 
radiosonde tcchniqud. (3 J 

runoff-That part of preclpltadon, snowmelt, or irrigation 
water that flows from the land to streams or other 
surface waters. (140] 

salinity-The degree of salt in water. [ 140] 

salt water lotrusl-Tbc invasion of fresh, surface, or 
groundwater by salt water. [ 140] 

seeooal •arlad-The change in a set of meteorological 
parameters averaged over three months. Seasonal 
variation is the largest climatic variation, and tem
perature is the most frequently observed meteoro
logical parameter. Often, monthly averaged data 
arc grouped into seasons, according to the 
prescribed definition. [ 26] 

sea surface temperatnre---Tbc temperature of the layer of sea
water (approximately O.S m deep) nearest the 

atmosphere. [ 81] 

secular carbon dlodde tread-The fairly unifonn and 
accelerating incrca5C of carbon dioxide concentra
tion in the atmosphere, as illustrated by the Manna 
Loa record. The secular trend reflects the increase 
in global atmospheric carbon dioxide concentrations 
produced by combustion of fossil fuels, kilning of 
limestone, and possibly a net biosphcric release of 
carbon dioxide resulting from deforestation. [82] 
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11emlble beat-The excess radiative energy that bas paascd 
from the Earth's surface to the atmosphere through 
advection, conduction, and convection processes. 
[63] 

ahortw .. e ndlatlon--Tbc radiation received from the sun and 
emitted in the spectral wavelengths less than 4 µm. 
It is also called "solar radiation.• [ 62] 

slgnal-t•nolse Htlo-A quantitative measure of the statistical 
detectability of a signal, expressed as a ratio of the 
magnitude of the signal relative to the variability. 
For first detection of a C02-induced climate 
ch~. thc ~l si,p.U ~ the IDC3.ll. ~ QC 

anomaly in some climatic \-ariablc, usually surface 
air temperature, attributed by a numerical model to 
incrcaaed concentrations of carbon dioxide. 
Observed noise is the standard deviation or natural 
variability computed from observations of that vari
able and adjusted for sample size, a!Jtocorrelation, 
and time averaging. [SI, S2, SJ] 

slhlcaltnre--Managcmcnt of forest land for timber. [ 140] 

smog-Air pollution associated with oxidants. [140] 

smoke--Particles suspended in air after incomplete combus
tion of materials. [ 140] 

soU carbon-A major component of the terrestrial biosphere 
pool in the carbon cycle. Organic soil carbon esti
mates, rather than total soil carbon, arc generally 
quoted. The amount of carbon in the soil is a func
tion of historical vegetative cover and productivity, 
which in turn is dependent upon climatic variables. 
[83, 84] 

aolar constant-The rate at which solar energy is received just 
outside the Earth's atmosphere on a surface that is 
nonnal to the incident radiation and at the mean 
distance of the Earth from the sun. The current 
value is 0.140 wall/cm2

• [100] 

aolar cycle--The periodic change in sunspot numbers. It is the 
interval between successive minima and is about 
I I.I years. [ I 00] 

Southern Osclllad-A large-scale atmospheric and hydro
sphcric fluctuation centered in the equatorial 
Pacific Ocean. It exhibits a nearly annual pressure 
anomaly, alternatively high over the Indian Ocean 
and high over the South Pacific. Ila period is 
slightly variable, averaging 2.33 years. The varia
tion in pressure is accompanied by variations in 
wind strengths, ocean currcnta, sea-surface tem
peratures, and precipitation in the surrounding 
areas. El Nhio occurrences arc associated with the 
phenomenon. [8S-88, 129) 
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Southern Oscllladoa Index-An indicator based on the pres
sure gra.dient between lhe quasi-stationary low pres
sure region and the center of a subtropical high 
pressure cell. A positive index corresponds to an 
anomalously high pressure difference between lhe 
two centers of action. (85--88, 129] 

statlsdcal-dynamlcal modda-Computcr programs that calcu
late simplified climate models based on versions of 
the conservation equations r.hat have been averaged 
over longitude, wilh the effects of the synoptic 
eddies parameterized statistioally in the meridional 

plane. [ 54, 135] 

sterlc bela;bt-The mean dynamic depth (or height) of the 
ocean for the month minus the annual mean 
dynamic depth for the same isobaric reference level. 

(124, 126] 

stoma, pl stomata-A minute pore in the epidermis of plant 
leaves or stems. Stoma, which arc bordered by 
guard cells that regulate the size of the opening, 
function in gas exchange between the plant and the 
external environment. The stomata! apparatus or 
stomale consists of the stoma plus guard cells. 

[103] 

stratificatlO-SCparating into layers. [ 140] 

stratosphere--The region of the upper atmosphere extending 
from the lropopausc (8 to 15 km altitude) to about 
50 km. The thermal structure is determined by its 
radiation balance and is generally very stable with 
low humidity. [9] 

Suess effect-The relative change in the 14C/C or 11C/C ratio 
of any carbon pool or reservoir caused by the addi
tion of fossil-fuel C01 to the atmosphere. Fossil 
fuels arc devoid of 14C because of the radioactive 
decay of 14C to 14N during long underground 
storage and arc depicted in 11C because of isotopic 
fractionation cons ago during photosynthesis by lhc 
plants that were the precursors of the fossil fuels. 
Carbon dioxide produced by the combustion of fos
sil fuels is thus virtually free of 14C and depicted in 
11C. The term "Suess effect• originally referred lo 
the dilution of the "C/C ratio in atmospheric C02 

by the admixture of fossil-fuel produced C02, but 
the definition has been extended to both the 

14
C 

and 11C ratios in any pool or reservoir of the carbon 
cycle resulting from human disturbances. (89] 

sunspot-A relatively dark, sharply defined region on the 
solar disk, marked by an umbra approximately 
2000K cooler than the effective photospheric 
temperature, surrounded by a less dark but also 
sharply bounded penumbra. The average spot 
diameter is about 3700 km, but can range up to 
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245,000 km. Most sunspots arc found in groups of 
two or more, but they can occur singly. Sunspots 
arc cyclic, with a period of approximately 11 years. 
The quantitative description of sunspot activity is 
called the Wolf sunspot number, denoted R. The 
Wolf sunspot number is also referred to as "Wolfer 
sunspot number," "Zurich relative sunspot number," 
or "relative sunspot number.• [90, 91) 

surface air temperature--The temperature of the air near the 
surface of the Earth, usually determined by a ther
mometer in an instrument shelter about 2 m above 
the ground. The true daily mean, obtained from a 
thcrmograph, is approximated by the mean of 24 
hourly readings and may differ by l.O"C from the 
average based on minimum and maximum readings. 
The global average surface air temperature is l 5°C. 
[3, 5] 

surface albedo--Thc fraction of solar radiation incident on the 
Earth's surface that is reflected by it. Reflectivity 
varies with ground cover, and during the winter 
months it varies greatly with the amount of snow 
cover (depth and areal extent). Roughness of ter
rain, moisture content, solar angle, and angular and 
spectral distribution of ground-level irradiations arc 
other factors affecting surface albedo. [3, 5] 

surface waler-All water naturally open to the atmosphere. 
[140] 

swamp-A type of wetland that is dominated by woody vege
tation and docs not accumulate appreciable peat 
deposits; it may be fresh- or saltwater, and tidal or 
nonlidal. [ 140] 

tepbra-Any rock material produced by a volcano. [ IOO] 

terrestrial radiation-The total Infrared radiation emitted by 
the Earth and its atmosphere in the temperature 
range of -200-JOOK. Because the Earth is nearly 
a perfect radiator, the radiation from its surface 
varies as the fourth power of the surface's absolute 
temperature. Terrestrial radiation provides a major 
part of the potential energy changes ncccssary to 
drive the atmospheric wind system and is responsi
ble for maintaining the surface air temperature 
within limita for livability. [92, 127, 128] 

tbermocllne--A transition layer of water in the ocean, with a 
steeper vertical temperature gradient than that 
found in the layers of ocean above and below. The 
permanent thennoclinc separates the wann mixed 
surface layer of the ocean from the cold deep ocean 
water, and is found between IOO- and I 000-m 
depths. The thermocline first appears at the 
55-60° N and S latitudes, where it forms a hor
izontal separation between temperate and polar 
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waters. The thcnnoclinc reaches its maximum 
depth at mid-latitudes and is shallowest at the 
equator and at its northern and 110uthcrn limits. The 
thcnnoclinc is stably stratified, and transfer of 
water and carbon dioxide across this wnc occurs 
very slowly. Thus, the tbennoclinc acts as a barrier 
to the downward mixing of carbon dioxide. (93, 94] 

thermoballne--Rcfcrs to the combined effects of temperature 
and salinity that contribute to density variations in 

the oceans. I I 00] 

tidal manlt-Low, flat marshlands traversed by channels and 
tidal hollows and subject to tidal innundation; nor
mally, the only vegetation present arc salt-tolerant 
bushes and grasacs. I 140] 

trace 1-A minor constituent of the atmosphere. The most 
important trace gases contributing to the 
greenhouse effect arc water vapor, carbon dioxide, 
ownc, methane, ammonia, nitric acid, nitrous 
oxide, ethylene, sulfur dioxide, nitric oxide, 
dichlorofluoromcthanc or F rcon 12, trichloro
fluoromcthanc or Freon 11, methyl chloride, carbon 
monoxide, and carbon tetrachloride. (95, 96] 

transient tracers-Chemical clements (often radioactive) or 
compounds that have finite lifetimes. Atmospheric 
testing of nuclear weapons from the mid-1950s to 
the early 1960s released large quantities ·of radionu
clides to the atmosphere. Atmosphere-ocean 
exchange procc:ssciJ have transferred 110mc of these 
clemcnu to the oceans. Studying the behavior and 
distribution of these specific botopes and other 
chemical tracers in the ocean will provide informa
tion on: residence times of the water and its dis
solved components in 1Jfe9, basins, etc.; the mode 
and rate of fo rmation and the subsequent spreading 
rates of specific water types, such as the polar 
water of the Norwegian and Greenland Seas; dccp
ocean circulation and ocean-mixing processes, such 
as ad,ectloa and npwdllns; and the flux of anthro
pogenic carbon dioxide into the ocean through its 
correlation with several different transient tracers. 

(98, 99] 

truaplratl-Thc process in plants by which water is taken 
up by the roots and released as water vapor by the 
leaves. The term can also be applied to the quantity 
or water thus dissipated. I 80, 140 J 

tree rlnp-Annual growth ir1crcmcnts of trees that indicate, 
among other factors, the climatic conditions that 
enhance or limit growth. Tree ring :widths and 
indexes have been used to search for solar
tcrrestrial relationships and climatic cycles and to 
reconstruct past climates. Sec also 
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-.iendrocllmatolOI)'" and -cleadrocbronoloSJ." (39, 
40) 

trophic IHel-A segment of the food chain in which all organ
isms obtain food and energy in, basically, the same 
manner (e.g., pbot111yatbesls, berbivory, or car
nivory) and in which all organisms arc the same 
number of links from the photosynthetic segment. 
(100, 130] 

tropopause-The boundary between the troposphere and the 
stratosphere (about 8 km in polar regions and about 
IS km in tropical regions), usually characterized by 
an abrupt change of lapte nle. The regions above 
the troposphere have increased atmospheric stability 
than those below. The tropopause marks the verti
cal limit of most clouds and storms. (9, 127] 

tropoepbere--Thc inner layer of the atmosphere below about 
IS km, within which there is normally a steady 
decrease of temperature with increasing altitude. 
Nearly all clouds form and weather conditions 
manifest themselves within this region, and its ther
mal structure is caused primarily by the beating of 
the Earth's surface by solar radiation, followed by 
heat transfer by turbulent mixing and convection. 
(9] 

tundr•-A type of ecosystem dominated by lichens, mosses, 
grasses, and woody plants. It is found at high lati
tudes (arctic tundra) and high altitudes (alpine tun
dra). Arctic tundra is underlain by permalrost and 
usually very wet. (140 J 

tumo'er rate--The fraction of the total amount of mau (e.g., 
carbon) in a given pool or reservoir that is released 
from or that enters the pool in a given length of 
time. The turnover rate of carbon is often expressed 
as GtC/year. [IO) 

upwelling-The vertical motion of water in the ocean by 
which subsurface water of lower temperature and 
greater density moves toward the surface of the 
ocean. Upwelling occurs most commonly among the 
western coastlines of continents, but may occur 
anywhere in the ocean. Upwelling results when 
winds blowing nearly parallel to a continental coast
line transport the light surface water away from the 
coast. Subsurface water of greater density and 
lower temperature replaces the surface water, and 
exerts a considerable influence on the weather of 
coastal regions. Carbon dioxide is transferred to the 
atmosphere in regions of upwelling. This is espe
cially important in the Pacific equatorial regions, 
where 1-2 GtC/ycar may be released to the atmo
sphere. Upwelling also results in increased ocean 
productivity by transporting nutrient-rich waters to 
the surface layer of the ocean. (97] 
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upor-Thc gaseous phase of substances that arc liquid or 
solid at atmospheric pressure (e.g., steam). [ 140] 

•ane--A layer or sediment deposited in lakes during one year. 
Each layer consists or two paru, which arc de· 
posited at different seasons a.nd which differ in 
colo.r and texture; thus, the layers can be counted 
and measured. In a complete series, the number of 
layers gives the date on wh.ich lhc ground was 
vacated by the rc:ucating ice. [IOI] 

Walker cell-A zonal circulation or the atmosphere conlined 
to equatorial regions and driven principally by the 
oceanic temperature gradienL In the: Pacific, air 
flows westward Crom the colder, eastern area lo the 
warm, wcstcro ocean, where it acquires warmth and 
moisture and subsequently rises. A return flow aloft 
and subsidence over the eastern ocean complete the 

cell. (65, 74) 

water stress effect-The closing of the stomata by a plant in 
response lo excessive water loss through 
tramplratloo or in response to drought conditions. 
The stomata! closing reduces C02 uptake as well as 
water loss, thus decreasing the photosynthetic rate. 
However, under conditions of elevated C02 conccn
tratioo, the C02 gradient between the atmosphere 
and the leaf is higher than under ambient condi
tions, and C0

2 
can pass through partially closed 

stomatcs at a rote similar to that under conditions 
of lower C0

2 
and open stomates. The humidity gra

dient remains the same at higher C02, and 
transpiration is impeded. The net result is improved 
water-use efficiency by some plants. [21, 72) 

water table-The level of sroundwaler. [140] 

water-use efficleocy-A measure of the amount of water used 
by plants per unit of plant material produced. The 
term can be applied at the leaf, whole-plant, and 
ecosystem levels. At the leaf level, it is more pre
cisely referred to as the lostantaneous transpiration 
efficiency, the CO, assimilation rate (pho!Myn
thesls) divided by the transpiration rate (the moles 
of C0

2 
taken up divided by the moles of water lost 

through trUIJ>lradon in a unit of time per unit le11f 
area). At the whole-plant level, it is more precisely 
referred to as the crowtb waler-use effidcocy, the 
units of dry matter synthesized divided by the units 
of water lost. At the ecosystem level, it is more pre· 
ciscly referred to as the crop waler-use dllcleocy, 
the grams of dry weight gained by plants during 
the growing season per unit land area divided by 
the millimeters of water lost (including evaporation 
directly from the soil). (136, 137] 

water upor-Water present in the atm05phere in gaseous 
form; the source of all forms of condensation and 
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water •apor feedback-A process in which an increase in the 
amount of water vapor increase& die atmoepllere'a 
absorption of longwave radiation, thereby contribu
ting to a warming of the atmosphere. Warming, in 
turn, may result in increased evaporation and an 
increase in the initial water vapor anomaly. This 
feedback, along with carbon dioxide, is responsible 
for the sreenhouse effect and operates virtually con
tinuously in the atmosphere. (74] 

weather-The instantaneous stale of the global almospherc
occan-cryospherc system. (3, 25] 

West Anlarcdc Ice Sheet-See lee sheet 

welland.9--An area that is regularly saturated by lllllface 
waler or groundwater and subsequently is charac
terized by a preulcnce of vegetation that is 
adapted for life in saturated-soil conditions. [ 140] 

zonally-areraged modela-Statbtlcal-dynamlcal or eoern· 
balance moclelA in which only the latitudinally aver
aged quantities arc determined and the effects of 
the longitudinally varying transports arc determined 
parametrically. Abbreviated as ZAM. (54] 

zooplankto~Thal portion of the plaoktoo community 
comprised of tiny aquatic animals eaten by fish. 
[140] 
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Tallie 1. latenuidoal S)'lltem 
of Ualt. (SI); Prefixet 

---
SI Multiplication 

Prefix Symbol Factor 

cxa E 1018 

pct a p JOU 
tcra T 1012 
gig a G 109 

mega M 106 

kilo k 103 

hccto h 102 

dcka da IO 
dcci d 10-I 

ccnti c 10-2 

milli m 10-3 

micro ,. 10-6 

nano n 10-9 

pico p 10-12 

fem to r 10-IS 
atto 8 10-18 
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Table l. Useful Quaadde1 la C02 Research 

Quantity Symbol• Value Source 

Solar comtant I 1.375 kW/m2 I 
Earth mass M 5.976 X 1024 leg 2 
Equatorial radius a 6.378 X 106 m 2 
Polar radiua c 6.357 X 106 m 2 
Mean radius R 6.371 X 106 m 3 
Surf ace area A, 5. 101 X 1014 m2 4 
Land area At 1.481 X 1014 m2 .5 
Ocean area A1 3.620 X 1014 m1 6 
Ice sbecu and 11 0.14 X 10 14 m1 II 

ghcien area 
Mean laad elevation ,,, 840 m .5 
Mean ocean depth h1 3730 m 7 
Mean ocean volume Y1 1.350 X io1

" m1 6 
Ocean mass M1 l.J84 x io21 leg 8 
Mass of atmosphere Ma .5.137 x !018 leg 9 
Equatorial surface g 9.780 m/s2 2 

gravity 

•symbols generally follow reference standards used iu I 0 
below. 

Souree1 ud Notes: 

I. Hoyt, D. V. 1979. •'fhe Smithsonian AJtrophysical 
Observatory Solar Constant Program," Rell. Geophys. Space 
Physics 17: 427--458. 

2. Press, F. and R. Siever, 1974. Earth, W. H. Freeman 
and Company, San Francisco. 

3. For sphere of earth's volume. 
4. Calculated from laud and ocean data cited here. 
5. Ridley, B. I(.. 1979. The Physical Environment, Ellis 

Horwood, Ltd., West Suasex, England. 
6. Menard, H. W. and S. M. Smith, 1966. •Hypsomelry 

of Ocean Basin Provinces," J. Geophys. Res. 71: 430.5--432.5, 
adopted as reference standard by Bolin (10). 

7. Calculated from volume and area data cited here. 
8. Calculated from volume data cited here p\u, density 

of 102S kg/m1; adopted u reference standard by Bolin (10). 
9. Trenbcrtb, K. E. 1981. •Seasonal Variations in Global 

Sea-Level Pressure and the Total Mau of the Atmosphere,• J. 
Geophys. Res. 86: .5238-5246; thiJ supcrccdcs value adopted as 
reference standard by Bolin (IO). 

IO. Bolin, B., ed., 1981. Carbon Cycle Model/Ing. SCOPE 
16, John Wiley & Sona, New York. 

11. U.S. Department of Energy. 1985. Glac/trs, Ice 
Sheets, and Sea uvel: Effect of a C01-lnduced Climatic 
Change. M. F. Meier, ed. DOE/ER-60235-1. Carbon Dioxide 
Rcacarch Division, Office of Buie Energy Sciences, Washin3-
ton, D.C. 

Modified from: Clark, W. C. (ed.) 1982. Carbon Dioxide 
Re...lew: 1982. p. 469, Oxford University Press, New 
York. 
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Table 3. Commoa CoaTft'lloa Facton 

Arca-lcnglh-volumc 
I acre - 43,560 (t 2 - 4,047 rn2 

I sere-foot - 1.2335 X 103 m1 

I cubic foot (fl1) - 0.02832 m1 

I hcclarc (ha) - 10,000 m2 - 2.47 acres 
I square: mile: (sq mi) - 2.59 X 106 m2 

Pressure 

I atmosphere - 76.0 cm Hg - 1,013 millibars (mbar) 
I bar - 0.98692 almosphcre 
I pascal (Pa) - 0.9869 X IO-S atmosphere - I X 10-2 mbar 

- 10 µbar - 1.4504 X 10-4 pounds per square inch (psi) 

Factors for carbon and carbon dioxide 
I mole C/liter - 12.011 X 10-l Gt C/Jrm3 

I ppm by volume of atmosphere C02 - 2.13 Gt c• 
I mole C02 - 44.009 g C02 - 12.011 g C 
I g C - 0.083 mole C02 - 3.664 g C02 

•uses atmospheric mass from Table 2. 
Modified from: Clark, W. C. (ed.) 1982. Carbon Dioxide 

Re...lew: 1982, p. 467, Oxford University Press, New Yorlc. 
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Table 4. Commoa F.nerc Unit Coirfenloa Facton 

J Quad kcal mt cc boc mtoc m3 gu TWyr 

I J- 1 947.9 x 10-21 239 x 10-6 34.14X I0- 12 163.4 x 10- 12 22.34 x 10-12 26.84 x 10-9 31.71 x 10- 21 

I Quad - 1055 X 1015 I 252 x 1012 36.02 x 106 172.4 x 106 23.57 x 106 28.32 x 109 33.45 x 10- 3 

I kcal - 4184 3966 x 10-18 I 142.9 x 10-9 683.8 x I0- 9 93.47 x 10-9 112.3 x 10-6 132.7 x 10- 18 

~ I mtcc - 29.29 x 109 27.76 x 10- 9 7 x 106 I 4.786 0.6543 786.1 928.7 x 10- 12 
~ 1 boc - 6119 x 106 5.8 x 10- 9 1462 x 103 0.2089 1 0.1367 164.2 194 x I0- 12 

I mtoc - 44.76 x 109 42.43 x 10-9 10.7 x 106 1.528 7.JIS I 1201 1419 x 10- 12 

1 m
3 

gas - 37.26 x 106 35.31 x 10-12 8905 1272 x 10-6 6089 x 10-6 832.3 x 10-6 I 1181 x 10- 15 

I TWyr - 31.54 x !018 29.89 7537 x 1012 1076 x 106 5154 x 106 704.5 x 106 846.4 x 109 1 

Notes: J - Joule, Quad - Quadrillion Btu (British thermal unit), kcal - kilogram caloric, mtcc - metric ton of coal equivalent, boc - barrel of oil 
equivalent, mtoc - metric ton of oil equivalent, m3 gas - cubic meter of natural gas, TWyr - terawatt-year. · 

From: Clark, W. C. (ed.) 1982. Carbon Dioxidt R.tvltw: 1982, p. 468, Oxford University Presa, New York. 
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Table 7. Some Abbrerlallons and Acronyms Commonly Used In 
C02 Research 

AAAS 
B.P. 
BRW 
CDIAC 
CIAP 
CLlMAP 
COSPAR 
DOE 
ENSO 
FAQ 
FGGE 
GAMETAG 

GARP 
GATE 
GCM 
GEOSECS 
GFDL 
GISP 
GISS 
GOFS 
GMCC 
GSFC 
IAMAP 

rcsu 
IGBP 
IGY 
IR 
ISCCP 
ISLSCP 

lat. 
long. 
MLO 
MSL 
M-region 
NAS 
NASA 
NATO 
NBS 
NCAR 
NCDC 
NH 
NIST 
NOAA 
NODC 
NRL 
NSF 
NTIS 
ONR 
ppmv 

American Association for the Advancement of Science 
Before Present 
Barrow Observatory, Barrow, Alaska 
Carbon Dioxide Information Analysis Center 
Climate Impact Assessment Program 
Climate Long-Range Investigation Mapping and Prediction 
Committee on Space Research 
Department of Energy 
El Nino-Southern Oscillation 
Food and Agriculture Organization or the United Nations 
First Global GARP Experiment 
Global Atmospheric Measurements Experiment of 

Tropospheric Aerosols and Gases 
Global Atmosphere Research Project 
GARP Atlantic Tropical Experiment 
General Circulation Model 
Geochemical Ocean Sections Study 
Geophysical Fluid Dynamics Laboratory 
Greenland Ice Sheet Program 
Goddard Institute for Space Sciences 
Global Ocean Flux Study 
Geophysical Monitoring for Climatic Change 
Goddard Space Flight Center 
International Association of Meteorology and 

Atmospheric PtiYsics 
International Council of Scientific Unions 
International Geosphcre-Biosphere Programme 
International Geophysical Y car 
Infrared Radiation 
International Satellite Cloud Climatology Program 
International Satellite Land-Surface 

Climatology Project 
Latitude 
Longitude 
Mauna Loa Observatory, Hawaii 
Mean Sea Level 
Maunder Region 
National Academy or Sciences 
National Aeronautics and Space Administration 
North Atlantic Treaty Organization 
National Bureau of Standards 
National Center for Atmospheric Research 
National Climatic Data Center 
Northern Hemisphere 
National Institute of Standards and Technology 
National Oceanic and Atmospheric Administration 
National Oceanographic Data Center 
Naval Research Laboratory 
National Science Foundation 
Nalional Technical Information Service 
Office of Naval Research 
Parts per Million by Volume (sometimes designated 

simply as ppm) 
SCOPE 

, SEAREX 
Scientific Committee on Problems of the Environment 
Sea-Air Exchange Program 
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SH 
SIO 
SMM 
SMO 
SPO 
TOGA 
TIO 
UNESCO 

USDA 
USGS 
WDC 
WMO 
WOCE 

D.V.I. 
R 
Rz 
VE! 

Table 7 (continued) 

Southern Hemisphere 
Scripps Institution of Oceanography 
Solar Maximum Mission 
Samoa Observatory, American Samoa 
South Pole Observatory, Antarctica 
Tropical Oceans and Global Atmosphere 
Transient Tracers in the Ocean 
United Nations Educational Scientific and Cultural 

Organization 
United States Department of Agriculture 
United States Geological Survey 
World Data Center 
World Meteorological Organization 
World Ocean Circulation Experiment 

INDEXES 

H. H. Lamb's Dust Veil Index 
Wolf sunspot number 
ZUrich relative sunspot number 
Volcano Explosivity Index 
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APPENDIX 

The Carbon Dioxide Information Analysis Center 
( CDIAC), located within the Environmental Sciences 
Dhis~ of 01.k. Rid._~ Nltl.."1\1\ b~'t"!.t~t~'. "'$ ~" 
in e>r<ntlotl sin.."'C l9Sl. cm~c rtxwl.\es \nNmutl.."' 
support to the international research, policy, and edu
cation communities for evaluation of complex environ
mental issues associated with elevated atmospheric 
C02, including potential climate change. 

Paul Kanciruk is Director of CDIAC. CDIAC 
activities include obtaining and evaluating data, articles 
and reports; producing digital numeric data and com
puter model packages (NDPs and CMPs); distributing 
COi-relatcd reports; and producing the newsletter 
CD/AC Communications, with a world-wide distribu
tion to subscribers in more than 1 SO countries. 

CDIAC is funded by the U.S. Department of Energy 
(DOE) to support its Carbon Dioxide Research Pro
gram (CORP). The goal of the CORP is to develop 
sound scientific information for policy formation and 
governmental action in response to changes of atmo
spheric C02• The thrust of the CORP during the past 
decade has been to (I) elucidate the processes that 
control the global carbon cycle and provide predictions 
of future atmospheric C02 change, (2) develop data 
and models of the processes by which changes in the 
Earth's radiative balance may change climate at global 
and regional scales and predict rates of potential cli
mate change, and (3) develop the data and models 
required to define and predict the combined effect of 
climate and C02 on plants, crops, and ecosystems. 

During 1989, the Program was moved from DOE's 
Office of Basic Energy Sciences into the Office of 
Health and Environmental Research. At the same time 
the Program was combined, with other atmospheric 
research activities, under the Atmospheric and Climate 
Research Division (ACRD). Ari Patrinos is the Acting 
Director of ACRD. 

The mailing address for the Program is: 

Carbon Dioxide Research Program 
Atmospheric and Climate Research 

Division, ER-76 
U.S. Department of Energy 
Washington, DC 20545 U.S.A. 
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Carbon Dioxide Information Analysis Center 
Environmental Sciences Division 
Oak Ridge National Laboratory 
P.O. Box 2008 
Oak Ridge, Tennessee 37831-6335 USA 
Telephone 615-574-0390 or FTS 624-0390 
BITNET: CDP@ORNLSTC 
INTERNET: CDP@STClO.CTD.ORNL.GOV 
OMNET: CDIAC 
FAX: 615-574-2232 


