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Preface to the Third Edition

This edition of this dictionary represents substantial evolution from the second edition.
Following consultation with the international advisory panel, whose composition
reflects many key areas of physical geography including biogeography, climatology,
environmental change and key areas of geomorphology, 200 entries from the second
edition have been removed, and replaced with 450 new entries. These were chosen
from an original list of possible new entries over twice this length, with the final
selection representing changes within the discipline, an increased international flavour,
and the need to maintain the final volume at a certain length. The total list of
contributors is increased by 34, with new experts drawn in to add their knowledge to
the volume.

Managing a volume of this size is a complex task, the size of which I did not quite
realize when approached by John Davey, formerly of Blackwell Publishers, and Andrew
Goudie. Completion of the task has been made much simpler due to the help of the
advisory panel, the goodwill of contributors, and especially to the assistance of Jill
Landeryou and Sarah Falkus at the publishers, and, in the final stages, the considerable
help given in the preparation of the final manuscript by Lucy Heath. All are thanked
enormously.

DSGT
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Preface to the First Edition

The preparation of a dictionary of this complexity has involved many people, and all
deserve thanks for the efficiency with which they have prepared their material on time
and in the format required. We have been fortunate in having as a model our compan-
ion volume, The Dictionary of Human Geography, which was so expertly edited by
R.]. Johnston and his team. I would like to express particular thanks to Janet Godden
for having taken over so much of the organizational burden, and to Andrew Watson for
being willing to prepare many of the short entries.

ASG
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Preface to the Second Edition

In this second edition we have taken the opportunity to update many of the entries and
their illustrations, and have added a substantial number of new entries. These new
entries include some that should doubtless have been in the first edition, but most are
entries that relate to new developments that have taken place in the discipline, espe-
cially with respect to increasing concerns over major environmental issues. We have
also made substantial additions to the list of acronyms and abbreviations, and have
updated many of the references and guides to further reading.

ASG
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Introduction

This dictionary provides definitions of terms and explanations of key ideas, concepts,
and issues in physical geography. It draws upon the wealth of knowledge of over 90
contributors and is aimed for the use of professionals, students, teachers and research-
ers in geography and allied environmental and life sciences.

Entries are organized alphabetically, but to aid further understanding, they are,
where appropriate, cross-referenced to other relevant entries, which are shown in
small capitals in the text. An index allows the identification of other entries in which
a term is referred to, allowing a wider sense of its usage to be gained.

Many entries are referenced and/or accompanied by suggestions for further reading.
Together, this allows source material, examples of usage and extended explanations to
be explored.
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A

abime A vertical shaft in karstic limestone
terrain.

abiotic The abiotic components of an ECOSYS-
TEM are those which are not living. These
include mineral soil particles, water, atmo-
spheric gases and inorganic salts; sometimes
simple organic substances that have resulted
from excretion or decomposition may be
included. The term abiotic is also used for phy-
sical and chemical influences upon organisms,
for example humidity, temperature, pH and
salinity. An abiotic environment is one which is
devoid of Iife. PHA

ablation The process by which snow or ice is
lost from a GLACIER, floating ice or snow. Ex-
amples are melting and run-off, calving of
icebergs, evaporation, sublimation and removal
of snow by wind. Melting followed by refreezing
at another part of a glacier is not regarded as
ablation because the glacier does not lose mass.
Melting 1s the most important process in
temperate and subpolar regions and accounts
for seasonal and diurnal meltwater floods.
Most such ablation occurs at the glacier surface,
and at the snouts of glaciers in many mid-lati-
tude areas it lowers the ice surface by the order
of 10 m each year. A small amount of melting
occurs within and beneath glaciers whose ice is
at the pressure melting point. In the Antarctic
the most important ablation process is the cal-
ving of ice shelves, though considerable losses
may also occur through bottom melting of ice
shelves and the removal of snow by offshore
katabatic winds. DES

Reading
Paterson, W.S.B. 1981: The physics of glaciers. 2nd edn.
Oxford: Pergamon.

abrasion The process of wearing down or
wearing away by friction as by windborne sand
or material frozen into glacial ice.

absolute age The age of an event or rock,
mineral or fossil, measured in years.

absolute humidity Sece HUMIDITY.

abundance The total number of individuals
of a particular species present in an area. Var-
ious methods are used to measure the abund-

ance of organisms but in view of the time and
effort involved it is usually impractical to count
all individuals within an area. Instead, popula-
tion size is often estimated by collecting data
from small plots (quadrats) selected by a ran-
dom sampling procedure. Population size is
influenced by a complex array of factors which
include, for example, the physical environment,
weather conditions, available resources (food,
nesting sites, etc.), competition both within
and between species, and predation. ARH

Reading

Mueller-Dombois, D. and Ellenberg, H. 1974: dims and
methods of vegetation ecology. New York and Il.ondon:
Wiley. Chapter 6, pp. 67-92. - Watts, D. 1971: Principles
of biogeography. New York and London: McGraw-Hill.
Chapter 5, pp. 197-241.

abyss a. A deep part of the ocean, especially
one more than about 3000 m below sea level.
b. A ravine or deep gorge.

abyssopelagic zone The deep water zone of
oceans and lakes, usually lying below 4000 m
depth. This open water zone, associated in the
oceans with the so-called abyssal plains, is char-
acterized by low temperatures, high water den-
sitiecs and the complete absence of light,
conditions which severely limit its range of life
forms. More than half of the earth’s oceans lie
below 4000 m and yet the zone remains largely
unexplored. Spatial variations in temperature,
salinity and density of ocean water in this zone
play an important role in the generation of large
scale deep water currents. MEM

Reading
Knauss, JLA. 1997 Introduction to physical oceanography.
2nd edn. New Jersey: Prentice-Hall.

accessory mineral The mineral components
of a rock which do not occur in sufficient quant-
ities to merit their inclusion in the definition or
classification of the rock, that is, not an essential
mineral.

accordant junctions, law of The law which
states that tributary rivers join main rivers at the
same level, that is, there is usually no sudden
drop (Playfair’s law).

accordant summits The phenomenon of hill
crests and mountain peaks in a region being

1



ACCRETION

within a similar plane, horizontal or inclined,
attesting that they are remnants of a former
plain or plateau.

accretion g. The gradual increase in the area
of land as a result of sedimentation.

b. The process by which inorganic objects
increase in size through the attachment of addi-
tional material to their surface as with the
growth of hailstones.

accumulated temperature Normally the
total number of days (or hours) since a given
date, during which the mean temperature has
been above or below a given threshold. The
threshold value for agriculture is usually 6 “°C
and accumulated mean temperatures above
this value can be correlated with the growth of
vegetation. For heating purposes the threshold
is usually 15.5°C and accumulated mean tem-
peratures below this value can be correlated
with energy use. Generally accumulated tem-
perature is used in agriculture and DEGREE
DAYS are used in energy management. JET

aciddeposition Rainfall is naturally acid (pH
5.65) owing to the dissolution of carbon dioxide
in water:

CO, + H,O(H,CO3)

where:
CO, carbon dioxide
H,O water
H,CO; carbonic acid.

Therefore, the functional definition of acid pre-
cipitation is a pH < 5.65. Acidity is generated
by the presence of hydrogen (H+) ions and is
measured in units of pH on a logarithmic scale.
A one-unit difference in solution pH is equival-
ent to a 10 times difference in the concentration
of H+.

Acidifying substances may be deposited from
the atmosphere by two main pathways: (1) wet
deposition of material entrained in rain, snow
and fog-water — often referred to as ACID PRE-
CIPITATION; (2) dry deposition of particulate
aerosols (any solid particulate matter trans-
ported through the atmosphere), and including
uptake of certain gases by vegetation, soil and
water surfaces. Atmospheric inputs occur
mainly from point sources, and are derived
from human activities such as fossil fuel com-
bustion and intensive livestock holdings, and
natural sources such as volcanic emissions.
The balance between wet and dry deposition
pathways varies geographically and according
to the dominant wind direction. In general,
wet deposition is more important in upland

2

areas with higher rainfall amounts. In north
and west UK, for example, inputs of H+ in
precipitation may exceed 1 kg ha~!a”!. Dry
deposition of SO, may exceed 2.4 kg ha 'a™!
in industrial areas of the midlands and northern
England and the major urban areas of the Scot-
tish central lowlands (Fowler er al. 1985). In
Europe, the relative contributions from wet
and dry deposited sulphur change with distance
from the coast, with wet deposition becoming
relatively less important with distance south
from the North Sea.

Wet deposition: may occur via two processes,
depending on where atmosphere scavenging
occurs. Rainout describes acid inputs, which
originate within the cloud system; washout
describes the removal of solutes by falling pre-
cipitation. Mist and fog are generally more
acidic than rain, thus at high altitudes, acid
deposition is enhanced by the contribution of
mist, fog and cloud water.

Most of the excess acidity in precipitation is
generated from sulphuric and nitric acids. The
presence of excess sulphur and nitrogen in the
atmosphere is largely derived from anthropo-
genic sources from the oxidation of SO, (sul-
phur dioxide) and NOy (nitrous oxide [NO] +
nitrrogen dioxide [NO;]). Key sources of SO,
include fossil fuel burning and metal smelting.
Nitrogen oxides are generated during combus-
tion by oxidation of atmospheric nitrogen; the
main anthropogenic source is vehicle emissions.
Whilst sources of SO, have been controlled and
atmospheric concentrations are decreasing,
atmospheric NOy continues to rise.

Dry deposition: occurs in the interval between
precipitation events. The physics of the
mechanisms involved in dry deposition are com-
plex and include gravitational settling and filter-
ing of particulate aerosols together with the
direct uptake of gases such as SO, and NO,
onto vegetation, water and/or soil surfaces. Fac-
tors such as surface wetness, and vegetation size,
growth patterns and surface roughness are
important controls on the magnitude of dry
deposition. Acidity derived from dry deposition
is often generated by secondary chemical reac-
tions. Thus dry deposited SO, is oxidized to the
anion sulphite (SOs3-) and rapidly oxidized to
sulphate (SOy,.), electrochemical balancing
releases an equivalent number of hydrogen
ions which in turn generates acidity. Similarly,
dry deposited NOy may be oxidized to nitrate
(NO3-) which again generates hydrogen ions.
The atmospheric sources are not necessarily
acidic in themselves: thus acidity may be gener-
ated at the ground surface where gaseous
ammonia or the cation ammonium (NHy ) is
deposited and oxidized to nitrate, which releases



Possible median pH level of unpolluted rain

pH level at which aquatic ecosystems are affected

Water at equilibrium with atmospheric CO,

ACID PRECIPITATION

pH level in surface water where acute effects on fish are found

Mean pH of rain over eastern Britain

pH level below which leaf lesions may be observed

Neutral Severe leaf damage below this pH
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Acidity increases

Scale of pH and H+ concentration; acidity (H+) increases, while pH decreases on a ‘log scale’, i.e. 10:1.
Source: G. Howells 1990: Acid rain and acid waters. Chichester: Ellis Horwood.

hydrogen ions. Quantitative estimation of dry
fluxes is difficult, thus this pathway of acidifica-
tion is less understood than that of wet deposi-
tion. Problems in measurement include wide
spatial and temporal variations in atmospheric
gases and particulates, and difficulties in estim-
ating rates of deposition to natural ecosystems
with inherently complex structures. Dry deposi-
tion is more affected by distance from emission
source and tends to dominate close to source.
Acid deposition is not the only source of acid-
ification of terrestrial and aquatic environments.
Other sources include afforestation and forest
clearance, livestock grazing, cultivation techni-
ques on agricultural land and the use of ferti-
lizers. ALH

Reading and References

Howells, G. 1990: Acid rain and acid waters. Chichester:
Ellis Horwood Limited. - Fowler, D., Cape, ].N. and Leith,
L. 1985: Acid inputs from the atmosphere in the United
Kingdom. Soil use and management 1, pp. 70-2.

acid precipitation Rain and snow with a pH
of less than 5.65. The latter is the hydrogen ion
concentration of natural precipitation subject to
normal concentrations and pressures of atmo-
spheric carbon dioxide. As the pH scale is logar-
ithmic, a one-point change on it represents a
tenfold increase or decrease in acidity (Kemp
1990). The slight natural acidity of precipitation
is largely due to weak carbonic acid formed by
dissolved atmospheric carbon dioxide, and to

sulphur compounds from volcanic eruptions
which are converted to sulphuric acid in the
atmosphere. The chemical analysis and dating
of fossil ice has revealed that some two centuries
ago, precipitation possessed a pH that was gen-
erally in excess of 5. Since that time, industrial-
urban development, particularly in northern
hemisphere mid-latitudes, has resulted in the
release of increasing quantitities of sulphur and
nitrogen oxides into the atmosphere. These emis-
sions are caused by fossil fuel burning and sul-
phide ore smelting, the oxides being transformed
into sulphuric and nitric acids in the atmosphere.
These relatively strong acids undergo ionic
separation in weakly acidic natural precipitation,
with the dissociated hydrogen ions causing its pH
to fall below 5.6. (Likens er al. 1979). Sensu
stricto, acid precipitation is thus wet deposition.
However, a related process, dry deposition,
whereby oxides of sulphur and nitrogen fall out
from the atmosphere either as dry gases or
adsorbed on other AEROSOLS such as soot, is also
operational. These particles become acidic when
they join with moisture; fog or surface water, for
example (Park 1987; Kemp 1990).
Atmospheric circulation patterns mean that
pollutants (POLLUTION) can travel substantial
distances before being deposited as acid preci-
pitation. As the loci of acidic pollution are
within the westerly wind-belt, their discharges
are usually routed eastward. The rate and dis-
tance of movement are associated with the

3



ACID ROCKS

height of pollutant emission (Kemp 1990). Tall
stacks enhance long-distance transfer (Elsom
1987), with upper westerly winds or jet streams
more effective than boundary-layer circulation,
both in this respect and in increasing the resid-
ence time of pollutants in the atmosphere
(Kemp 1990).

The phenomenon of acid precipitation was
first recognized in England during the mid-nine-
teenth century, but has been studied in detail
only during the past three decades (Park 1987).
Its role is still imperfectly understood. Complex
interactions between environmental factors
(geology, hydrology and land use, for example)
mean that acid precipitation is probably one of
numerous components operative in a particular
locality (Kemp 1990). Aquatic ecosystems
appear to respond more rapidly to acidification
than terrestrial ones. Acid water is thought to
diminish biological productivity in lakes and
rivers developed on siliceous substrates, with
the reproductive capacity of fish being impaired
(Pearce 1982). The interception of acid precip-
itation by trees is considered to increase the
chance of tissue death, nutrient leaching and
chlorophyll degradation in leaves (Shriner and
Johnston 1985). Increased acidity of soil water
seems to check bacterial activity, results in the
replacement of nutrient cations by hydrogen
ions and the displacement of the former in solu-
tion, and stimulates the mobilization of toxic
heavy metals such as aluminium and lead
(Kemp 1990). The liberation of heavy metal
cations from soils and sites of toxic waste dis-
posal can contaminate drinking water, while
supply pipes of the latter may be leached of
copper and lead by acidic water (Elsom 1987).
Building stone containing calcium and magnes-
ium carbonates could be subject to the reaction
of these with the sulphuric component of acid
precipitation and to the production of soluble
sulphates. In urban areas, dry deposition is fre-
quently of most importance, with chemical reac-
tions initiated by the addition of moisture. In
towns and cities, sulphuric acid in the atmo-
sphere, inhaled during episodes of smog, can
lead to respiratory difficulties (Kemp 1990).

In a global climatic context, nitrogen oxides
are part of the process whereby tropospheric
ozone (a greenhouse gas) is produced. Thus
more or less of these oxides could contribute to
higher or lower ozone concentrations and
increase or reduce climatic warming (Martin
1989). Between 1970 and 1984 there was a 40
per cent decrease in the emission of SO, in
Britain (Caulfield and Pearce 1984). Chemical
and biological evidence of a slight reduction in
the acidity of water in Galloway since 1980 may
reflect this trend (Battarbee er al. 1988). RL]
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Reading and References

Battarbee, R W., Flower, R.]., Stevenson, A.C., Jones, V.].,
Harriman, R. and Appleby, P.G. 1988: Diatom and chem-
ical evidence for reversibility of acidification of Scottish
lochs. Nature 332, pp. 530-2. - Caulfield, C. and Pearce,
F. 1984: Ministers reject clean-up of acid rain. New Scientist
104, pp. 1433-6. - Elsom, D). 1987: Atmospheric pollution:
causes, effects and control policies. Oxford and New York: Basil
Blackwell. - Kemp, D.I>. 1990: Global environmenial issues:
a climatological approach. London and New York: Rout-
ledge. - Likens, G.E., Wright, R.F., Galloway, J.N. and
Butler, T.J. 1979: Acid rain. Scientific American 241, pp.
39-47. - Martin, H.C. 1989: The linkages between climate
change and acid rain. In J.C. White ed., Global climate
change linkages: acid rain, air quality and stratospheric ozone.
New York: Elsevier. Pp. 59-66. - Park, C.C. 1987: Acid rain:
rhetoric and reality. London: Methuen. - Pearce, F. 1982:
The menace of acid rain. New Scientist 95, pp. 419--23. -
Shriner, D.S. and Johnston, J.W. 1985: Acid rain interac-
tions with leaf surfaces: a review. In D.D. Adams and W.P.
Page eds, Acid deposition: environmental, economic and policy
isseees. New York and London: Plenum Press. Pp. 241-53. -
Wellburn, A. 1988: Aur pollution and acid rain: the biological
impact. Harlow: Longman Scientific and Technical.

acid rocks Commonly used term for igneous
rocks which contain more than 66 per cent
silica, free or combined, or any igneous rock
composed predominantly of highly siliceous
minerals (see BASIC ROCKS).

acid susceptibility/acid neutralizing capa-
city Generally, ACIDIFICATION decreases the acid
neutralizing capacity of a system, and surface
waters that are susceptible to acidification have a
small alkalinity or acid neutralizing capacity.
Usually, hydrogen (H+-) is absorbed by the fresh-
water system until a buffering threshold is
exceeded, after which there is a rapid decrease in
pH until another buffering system operates.
Inflowing H+ ions react with bicarbonate
(HCO3 ) ions present in lake waters to form car-
bonicacid H,CO3; thisweakacid does notappre-
ciably alter the pH of the lake waters. A continued
deposition ofacidin the form ofhydrogenions will
eventually override the buffering capacity of the
lake waters and a shift in pH will occur.

The acid neutralizing capacity, sometimes
referred to as ANC, is the difference between
strong base anions and strong acid cations. It
may be represented as alkalinity which is the
obverse of acidity:

Alkalinity = [HCO3~| + 2[CO3—] = [A—]

+[OH~] ~ [H+]
where:
HCO;— bicarbonate
COs3— carbonate
A— contribution from weak acids
OH—-  hydroxyl
H -+ hydrogen



In the pH range 6 to 8, bicarbonate alkalinity 1s
the critical buffering system that may be
depleted by acid deposition. Here the alkalinity
equation is simplified to:

Alkalinity = [HCO3—] + [A]

In this pH range, bicarbonate alkalinity
(HCO3-) reacts with H+ to form H,O and
CO;, thus neutralizing the added hydrogen
ions. Usually there is little or no change in pH
unless the supply of alkalinity is exhausted. The
concentration of bicarbonate in surface waters is
influenced by catchment geology and soils,
especially contact with mineral carbonates (e.g.
calcite [CaCOj;] and dolomite [Ca, MgCO;])
which generates a large acid neutralizing capa-
city because alkalinity is produced by the dis-
solution of these minerals. Surface waters in
CATCHMENTS with large terrestrial sources of cal-
cium and magnesium carbonate are unlikely to
acidify even in regions with high rates of acid
deposition.

Apart from carbonate and bicarbonate, the
major ions in acid waters are chloride, sulphate
and nitrate; less important ions include silicate,
fluoride, aluminium and organic anions. For
acid waters below pH 5.0, the alkalinity is dic-
tated by the balance between a few major ions:

Alkalinity = {Ca, + +Mg,+}
—{SO4- +NO3 }

The influence of chloride is usually discounted
because it is assumed to be largely derived from
sea salts entrained in rain where the presence of
sodium counteracts the activity of chloride. Sul-
phate is primarily derived from atmospheric
deposition whilst nitrate is derived both from
human-derived nitrogen gases and nitrate and
ammonium in deposition, and biological activity.
Where catchment bedrock and soils consist
primarily of oligotrophic minerals such as gran-
ite, gneiss and quartzite that do not contain
appreciable quantities of carbonate minerals,
the acid neutralizing capacity of the catchment
is small. In these systems, the in sizu alkalinity
generated by the biological reduction of sulphate
and nitrate, and the exchange of H+ for Cay -+ in
sediments is important but provides only a small
amount of alkalinity; thus the acid neutralizing
capacity remains small. Here, atmospheric
deposition of acidifying substances generates
acidity relatively easily. Acidification is often
exaggerated because catchments susceptible to
acidification often have a small sulphate adsorp-
tion capacity that is easily overwhelmed by sul-
phate inputs from atmospheric sources. When
this occurs, elevated sulphate plus hydrogen and
aluminium inputs to surface waters may result in
conditions that are toxic for aquatic biota.

ACTIVE LAYER

The acidification of surface waters broadly
takes place in three stages.
At stage 1, the natural buffering capacity pro-
vides resistance to pH change. By stage 2, all
buffering capacity has been utilized; this results
in large seasonal variations in the pH of fresh-
waters, particularly lakes. By stage 3, stabiliza-
tion to a new, lower pH occurs resulting in loss
of species diversity and for lakes, few fish spe-
cies. In the UK, the effect of acid deposition on
the acid susceptibility of freshwaters is largely
indirect because most UK freshwater is alkaline
and well-buffered. For example, for ground-
waters, the most serious consequence of a sig-
nificant fall in groundwater pH is an increase in
metal solubility in potable waters and associated
risk of corrosion of the water supply network
(Cresser and Edwards 1987). In upland areas,
acid flushes may be associated with high con-
centrations of sulphate and nitrate in stream
waters — especially during snowmelt. ALH

Reading and Reference

Mason, B.J. 1990: The surface waters acidification pro-
gramme. Cambridge: Cambridge University Press. - Cres-
ser, M. and Edwards, A. 1987: Acidification of freshwaters.
Cambridge: Cambridge University Press. Pp. 136.

acidity profile 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 acid-
ity of annual layers in ice cores taken in Green-
land. This methodology is sometimes referred to
as ‘acidity signal’ or ‘acidity record’. ASG

aclinicline The magnetic equator, an irregu-
larly curved line near the equator along which
the compass needle does not dip from the hori-
zontal.

actinometer An instrument used for measur-
ing the chemical and heating influences of the
sun’s radiation.

active layer The top layer of ground above
the permafrost table which thaws each summer
and refreezes each autumn. In temperature
terms, it is the layer which fluctuates above
and below O °C during the year. In permafrost
areas seasonally frozen and thawed ground can
be equated with the active layer. Other syn-
onyms include ‘depth of thaw’, ‘depth to per-
mafrost’”, and ‘annually thawed layer’. These
terms are acceptable in areas where the active
layer extends downwards to the permafrost
table, but they are misleading where the active
layer is separated from the permafrost by a layer
of ground which remains in an unfrozen state

5



ACTIVE MARGIN

throughout the year. The thickness of the active
layer varies from as little as 15-30cm in high
latitudes to over 1.5m in subarctic continental
regions. Thickness depends on many factors,
including the degree and orientation of the
slope, vegetation, drainage, snow cover, soil
and rock type, and ground moisture conditions.

Processes operating in the active layer include
FROST CREEP and FROST HEAVE or cryoturbation,
the lateral and vertical displacement of soil
which accompanies seasonal and/or diurnal
freezing and thawing. During thaw, water move-
ment through the active layer assists various
mass wasting processes, especially gelifluction.
Most patterned ground phenomena form in the

active layer. HMF
Reading

Brown, R.J.E. and Kupsch, W.O. 1974: Permafrost
terminology, Publication 14274. Otrawa: National

Research Council of Canada. - French, H. M. 1976: The
periglacial environment. London and New York: Longman.
- —1988: Active layer processes. In M.J. Clark ed.,
Advances in periglacial geomorphology. Chichester: Wiley.
Pp. 151-79.

active margin A continental margin which
coincides approximately with a plate boundary.
It has much more tectonic and igneous activity
than a PASSIVE MARGIN, which lies within a plate
and on the edge of a spreading ocean basin such as
the Atlantic, Indian, Arctic or Antarctic Oceans.
Active margins rim most of the Pacific, where the
volcanic activity gave rise to the term ‘Ring of
Fire’: they show EARTHQUAKE activity at various
depths in BENIOFF ZONES or at shallow depths
along transform faults. Plate motions are either
convergent, with SUBDUCTION at an orogen (the
Andes and Central America) or at an island-arc
(the Kurile Islands, Japan and the Philippines), or
oblique, with a transform fault (the San Andreas
in California or the Alpine in New Zealand). 1E

Reading
Summerfield, M.A. 1991: Global geomorphology. Harlow:
Longman. Chapter 3.

activity (ratio) An empirical relationship of a
soil, defined by Skempton as the plasticity index
divided by percentage weight less than 2 um in
size.

As the plasticity index often varies according
to cations in the clay mineral structure, the
activity is a useful measure of the swelling
potential of a soil (its ability to take up moist-
ure). Skempton suggested three main classes of
activity: active, normal, and inactive. Most Brit-
ish soils tend to be in the normal to inactive
ranges. Active soils tend to have high cation
EXCHANGE capacities. There are sometimes
problems with using the activity values,
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especially if particles aggregate, so the AGGREGA-
TION RATIO has also been used to express per-
centage of clay mineral relationships. WBW

Reading

Bell, F.G. 1992: Engineering properties of soils and rocks. 3rd
edn. Oxford: Butterworth Heinemann. - Skernpron, A.W.
1953: The colloidal activity of clays. Proceedings of the
Third International Conference of Soil Mechanics. Zurich.

actualism See UNIFORMITARIANISM.

adaptive radiation The evolutionary diversi-
fication of a group of organisms in response to
the ecological pressures of different habitats.
When new groups of organisms cvolve or
occupy a newly accessible environment they
will tend to fill, over time, all the available
niches; they will thus ‘radiate’ along evolution-
ary lines in a genetical response to the stimulus
of environmental diversity. The sum of the var-
ious lines leading away from the ancestral stock
comprises an adaptive radiation. Among mam-
mals, for example, there have arisen specialist
grazers and carnivores, burrowers, fliers and
aquatic species, with different species filling the
equivalent NICHE in various BIOMES, e¢.g. the
bison in North America and the kangaroo in
Australia and many others. Adaptive radiation
1S an important process in the diversification of
island floras and faunas (see ISLAND BIOGEOG-
RAPHY). PAS

Reading
Stebbins, G.L. 1977: Processes of organic evolution, 3rd
edn. Englewood Cliffs, NJ: Prentice-Hall.

adhesion ripple An irregular sand ridge
transverse to wind direction, formed when dry
sand is blown across a smooth moist surface. It
may be 30-40cm long and a few centimetres
high. The crest is symmetrical and migrates
upwind. The stoss (windward) side is steeper
than the lee side. ASG

adhesion warts Small-scale aeolian BED-
FORMS resulting from SALTATION over a wet
sand surface. The moisture captures the falling
grains, and capillary action wets that deposit.
With unidirectional winds, adhesion ripples
may form, and migrate upwind. With polymodal
winds, irregularly shaped and oriented adhesion
warts result. DJS

Reading
Reineck, H.-E., and Singh, L.B. 1986: Depositional
sedimentary environments. 2nd edition. Berlin: Springer-
Verlag.

adiabatic An adiabatic process is a thermo-
dynamic change of state of a system in which



there is no transfer of heat or mass across the
boundaries of the system. In the atmosphere the
most commonly related variables in the adia-
batic process are temperature and pressure. If a
mass of air experiences lower pressure than in its
initial condition it will expand and do mechan-
ical work on the surrounding air. The energy
required to do this work is taken from the heat
energy of the air mass and consequently the
temperature of the air falls. Conversely, when
pressure increases, work is done on the mass of
air and the temperature rises. A diabatic process
is a thermodynamic change of state of a system
in which there is transfer of heat across the
boundaries of the system. BWA

adobe Sun-dried bricks, the clay soil from
which they are made or the buildings made
from them. The term is probably Spanish-
Moorish (Spanish, adobar, to plaster, but it
may have an older, Arabic root). Adobe was
initially used in arid and semi-arid parts of
Africa but is now especially prominent in the
American south-west, into which it was intro-
duced by colonial settlers. The bricks are made
from clods of clay soil to which is added water
and a small quaritity of straw to prevent shrink-
age on drying. The material is then trampled
with bare feet and moulded by hand into bricks.
Correctly constructed, adobe buildings may sur-
vive several centuries of weathering. In the semi-
arid south-west and Mississippi valley of USA,
the term corresponds to LOESS of Europe and
Asia. MEM

adret The side of a hill or valley that receives
the most sunlight (see UBAC), and which may
therefore in high-altitude areas have the most
intensive land use and settlement.

adsorption The process in which substances,
often ions, leave a liquid and accumulate upon
the surface of a solid. In the soil, adsorption
occurs when ions and other charged entities
move from the soil water and attach themselves
close to the surfaces of CLAY particles. This takes
place because the clay surface normally carries
an excess negative charge arising from ionic sub-
stitution within the lattice structure, and
because of unsatisfied valence at crystal edges.
Adsorbed materials are most commonly cations
like Ca?" and Mg?", but may also include oxy-
anions like NOj3- as well as organic compounds.
Adsorbed materials may be difficult to differ~
entiate from precipitates, so that in some cases
materials held on a surface may be referred to in
a more all-encompassing way as sorbed.

DLD

AEOLATION

Reading
Sposito, G. 1984: The surface chemistry of soils. Oxford:
Oxford University Press.

advection The movement of a property in the
fluid natural environment (air and water) due
solely to the velocity field of the fluid. Thus heat
is transferred through the atmosphere by winds.
(We should note that heat is also transferred by
radiation — a non-advective process.) Advection
may be resolved into two components: horizon-
tal and vertical. In meteorology, advection refers
frequently only to the horizontal motion
whereas vertical advection, particularly on the
scale of the individual cloud, is often called
CONVECTION. BWA

advection fog See FoG.

adventitious The term applied to the roots
and buds of plants that grow from unusual por-
tions of the plant, e.g. roots growing from tree
trunks and branches.

aeolation It has been suggested that in the
late nineteenth and early twentieth century
there was a tendency to identify AEOLIAN pro-
cesses as the dominant geomorphic mechanism
that shaped the world’s DESERTS. This view is
exemplified by the work of C.R. Keyes (1908,
1909) whose explanations of the shaping of the
American southwest were in turn influenced by
scientific descriptions of wind eroded forms in
hyper-arid areas of Asia and southern Africa.
While Keyes may well have over-emphasized
the power of aeolian erosion, the past
importance attached to the aeolation paradigm
may itself have been over-stressed in recent
years.

If the power of the wind to shape dry land-
scapes was portrayed excessively by early geo-
morphologists, it was soon succeeded by views
emphasizing the role of runoff as an erosive
agent in environments with sparse or partial
vegetation covers. This view might itself have
been over-played, especially since much of the
work leading to this paradigm shift was con-
ducted in the south-west USA, itself ‘not very
typical of the world’s dry lands’ (Peel 1966).
Today, aeolation and runoff erosion are not
viewed as competing paradigms in the explana-
tion of the formation of dryland landscapes. The
expansion of process based studies at the
expense of simple description, the increase in
data sources and the availability of high resolu-
tion aerial imagery, all allow the relative import-
ance of different processes in space and time to
be considered, rather than a unitary explanation
of dryland evolution to be sought. DSGT
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Reading and References

Breed, C.S., McCauley, ]J.F., Whitney, M.1., Tchakarian,
V.P. and Laity, J.E. 1997: Wind erosion in drylands. In
D.S.G. Thomas ed, Arid zone geomorphology: process, form
and change in drylands. Chichester: John Wiley. Pp. 437—
64. - Keyes, C.R. 1908: Rock-floor of intermont plains of
the arid region. Bulletin of the Geological Sociery of America
19, 63-92. . —1909: Erosional origin of the Great Basin
Range. Journal of geology 44, pp. 201-13. - Peel, RA.
1966: The landscape of aridity. Transactions, Institure of
British Geography 38, 1-23. - Thomas, D.S5.G. 1997: Arid
zone geomorphology: perspectives and challenges. In
D.S.G. Thomas ed., Arid zone geomorphology: process,
form and change in drylands. Chichester: John Wiley.
Pp. 691-6.

aeolian (eolian in the USA) Of the wind;
hence aeolian processes and aeolian sediments
and landforms. Derived from Aeolus, Greek god
of the winds. DSGT

aeolianite Cemented dune sand, calcium
carbonate being the most frequent cement.
The degree of cementation is very variable, the
end product being a hardened dune rock with
total occlusion of pore space. Aeolianite of Qua-
ternary age is generally found in coastal areas
within 40° of the equator, especially those that
experience at least one dry season. The balance
between leaching and lime production is the
prime control of this overall distribution. Most
examples contain between 30 and 60 per cent
calcium carbonate, although not all of this may
occur as cement. According to Yaalon (1967) a
minimum of 8 per cent calcium carbonate is
required for cementation of dune sands under
semi-arid conditions. Sources of calcium
carbonate include biogenic skeletal fragments,
dust, spray, and groundwater. ASG

Reading and Reference

Gardner, R.A.M. 1983: Aeolianite. In A.S. Goudie and
K. Pye eds, Chemical sediments and geomorphology. Lon-
don: Academic Press. - Yaalon, D. 1967: Factors affecting
the lithification of aeolianite and interpretation of its
environmental significance in the coastline plain of Israel.
FJournal of sedimentary perrology 37, pp. 1189-99.

aerationzone In the context of the HYDROLO-
GICAL CYCLE, the zone between the soil moisture
zone and the capillary zone immediately above
the water table. In this zone vadose water is
moving downwards under the influence of grav-
ity and the zone may vary in thickness from 0 to
several hundred metres in arid regions. KJG

aerial camera A camera designed specially to
hold aerial film for the taking of AERIAL PHOTO-
GRAPHY. The five main types of aerial camera
are the mapping camera, reconnaissance cam-
era, strip camera, panoramic camera and multi-
band camera.
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The majority of aerial photographs are taken
with high quality mapping cameras. These are
relatively simple in design and comprise a low
distortion lens and a very large film magazine.
The reconnaissance camera is cheaper than the
mapping camera both to buy and to operate.
Their disadvantages are their relatively large
levels of geometric distortion and their unsuit-
ability for colour aerial film.

The strip camera focuses light onto an adjust-
able slit, under which the film moves at a speed
that is proportional to the ground speed of the
aircraft. The resulting long strips of photog-
raphy are not usually appropriate for use in
physical geography. The lens in the panoramic
camera oscillates, scanning from horizon to hor-
izon while focusing the light onto a cylinder,
upon which a photographic film is held. This
results in distorted photographs which are rarely
used by physical geographers.

The multiband camera makes use of the fact
that objects on the earth’s surface vary in the
way in which they reflect ELECTROMAGNETIC
RADIATION. To use this phenomenon to differ-
entiate between objects, a scene is photo-
graphed through different filters using either a
multi-lens camera or a multi-camera array. A
multi-lens camera uses one film which 1is
exposed by radiation passing through several
filters and lenses whereas a multi-camera array
comprises a number of small format cameras,
each camera having its own film and filter. PjC

Reading

Paine, D.P. 1981: Aerial photography and image interpreta-
tion for resource management. New York: Wiley. - Wolf, P.F.
1974: Elements of photogrammerry. New York: McGraw-
Hill.

aerial photography is taken using aerial film
in an AERIAL CAMERA that is usually mounted in
an aircraft. It is the most widely used type of
REMOTE SENSING. The characteristics of aerial
photography that make it so popular are:

1 Awvailability: aerial photographs are readily
available at a range of scales for much of the
world.

Economy: aerial photographs are cheaper

than field surveys and are often cheaper

and more accurate than maps for many
countries of the world.

3 Synoptic viewpoint: aerial photographs make
possible the detection of both small fea-
tures and spatial relationships that would
not be evident on the ground.

4 Time freezing abiliry: an aerial photograph is
a record of the earth’s surface at a particular
moment and can therefore be used as an
historical record.

b



5 Spectral and spatial resolution: aerial photo-
graphs are sensitive to ELECTROMAGNETIC
RADIATION in wavelengths and for areas
that are outside the spectral sensitivity
range of the human eye.

6 Three-dimensional perspective: a stereoscopic
view of the earth’s surface can be created
and measured both horizontally and verti-
cally.

The angle from which the aerial photography
is taken determines whether it is vertical, high
oblique or low oblique. Vertical aerial photog-
raphy results when the camera axis is pointing
vertically downwards and oblique aerial photo-
graphy results when the camera axis is pointing
obliquely downwards. Low oblique aerial
photography incorporates the horizon into the
photograph, while high oblique aerial photo-
graphy does not. Vertical aerial photographs
are the most widely used type as they have an
approximately constant scale over the whole
photograph and can be used for mapping and
measurement. Oblique aerial photographs have
their advantages, as they cover many times the
area of a vertical aerial photograph taken from
the same height using the same focal length lens
and in addition present a view that is more
natural to the interpreter.

Aerial photographs are taken at a wide range
of scales. A small-scale aerial photograph at
1-50,000 will provide a synoptic, low spatial
resolution overview of a large area, while a
large-scale aerial photograph at 1-2000 will
provide a detailed and high spatial resolution
view of a small area.

Once obtained, aerial photographs are inter-
preted for the identification of objects and
assessment of their significance. During this
process the interpreters usually undertake sev-
eral tasks of detection, recognition and identifi-
cation, analysis, deduction, classification,
idealization and accuracy determination. Detec-
tion involves selectively picking out visible
objects. Recognition and identification involve
naming the objects or areas, and analysis
involves trying to detect their spatial order.
Deduction involves the principle of convergence
of evidence in order to predict the occurrence
of certain relationships on the aerial photo-
graphs. Classification is used to arrange the
objects and elements identified into an
orderly system before the photographic inter-
pretation is idealized using lines which are
drawn to summarize the spatial distribution of
objects or areas. The final stage is accuracy
determination in which random points are
visited in the field to confirm or correct the
interpretation.

AEROBIOLOGY

Recognition and identification of objects or
areas comprise the most important link in this
chain of events. An interpreter uses seven char-
acteristics of the aerial photography to help with
this stage: tone, texture, pattern, place,
shape, shadow and size. Tone is the single
most important characteristic of the aerial
photograph as it represents a record of the elec-
tromagnetic radiation that has been reflected
from the earth’s surface onto the aerial film.
Texture is the frequency of tonal changes
which arise within an aerial photograph when
several features are viewed together. Pattern is
the spatial arrangement of objects on the aerial
photograph. Place is a statement of an object’s
position on the aerial photograph in relation to
others in its vicinity. Shape is a qualitative state-
ment of the general form, configuration or out-
line of an object on an aerial photograph.
Shadows of objects on an aerial photograph are
used to help in identifving them, e.g. by enhan-
cing geological boundaries. Size of an object is a
function of the scale of the aerial photograph.
The sizes of objects can be estimated by com-
paring them with objects for which the size is
known. PJC

Reading

Lo, C.P. 1976: Geographical applications of aerial photog-
raphy. Newton Abbot: David & Charles; New York:
Crane, Russak, - Ritchie, W., Wood, M., Wright, R. and
Tait, D. 1988: Surveving and mapping for field scientists.
Harlow: Longman Scientific and Technical.

aerobic Describes either conditions of the
environment, or of a metabolic process, in
which oxygen is freely available. Most fre-
quently it is the term applied to a form of
RESPIRATION in which the gaseous or dissolved
form of oxygen is the principal agent of oxida-
tion, as opposed to the ANAEROBIC form in which
other substances participate in the energy
release. MEM

aerobiology The study of the recognition,
conveyance and behaviour of passive airborne
organic particles (Gregory 1973). These parti-
cles, or aerosols, may be viable or non-viable
and occur both in and out of doors. They are
dispersed in air and move, dependent upon
atmospheric properties and conditions. Both liv-
ing and non-living organisms are considered in
an aerobiological context (Edmonds 1979).
(See also POLLEN ANALYSIS). RL]

Reading and References

Edmonds, R.L. ed. 1979: Aerobiology: the ecological systems
approach. Stroudsburg, Pa.: Dowden, Hutchinson &
Ross. - Gregory, P.H. 1973: The microbiology of the atmo-
sphere. 2nd edn. Aylesbury: Leonard Hill. - Knox, R.B.
1979: Pollen and allergy. London: Edward Arnold.



AERODYNAMIC RIPPLES

aerodynamic ripples are a type of aeolian
bedform that are thought to differ in formation
from other ripple types. Normal or CURRENT
RIPPLES form at right angles to the direction of
fluid flow, whether the fluid is water or air, and
their formation is likely to relate to the impact
of saltating particles -~ hence the term
impact ripple also being prevalent in the aeolian
literature. By way of contrast, Wilson (1972)
believed that aerodynamic ripples (wavelength
¢.0.015-0.25 m, as opposed to a range of 0.05—
2.0 m for normal ripples) could form either
transverse or parallel to the wind direction, as
a result of wave-like instability in the turbulent
elements of secondary flow close to the ground
surface. As Cooke er al. (1993) note, there
is little if any empirical support for this
theory. DSGT

References

Cooke, R.U., Warren, A. and Goudie, A.S. 1993: Desert
geomorphology. London: UCL Press. - Wilson, 1.G. 1972:
Aeolian bedforms: their development and origins.
Sedimentology 19, pp. 173-210.

aerography Describes studies of the geo-
graphical ranges of species, genera, families,
etc.

aerology The study of the atmosphere, espe-
cially the study of the atmosphere above the
surface layers.

aeronomy The branch of atmospheric
physics which is concerned with those
regions, generally above 50 km, where ioniza-
tion and dissociation are fundamental pro-
perties.

Reading

Brasseur, G. and Solomon, S. 1986: Aeronomy of the mid-
dle armosphere: chemistry and physics of the stratosphere and
mesosphere. Dordrecht: Reidel.

aerosol An intimate mixture of two sub-
stances, one of which is in the liquid or solid
state dispersed uniformly within a gas. The term
is normally used to describe smoke, condensa-
ton nuclei, freezing nuclei or fog contained
within the atmosphere, or other pollutants
such as droplets containing sulphur dioxide or
nitrogen dioxide. Aerosols tend to obscure vis-
ibility by scattering light. They tend to vary in
size between about a milli-micron (10~° m) and
one micron (107% m). Clouds are not normally
considered to be aerosols because the droplets
are too large and tend to fall due to gravity.
Aerosols can remain in the atmosphere for long
periods, collisions with air molecules keeping
them aloft. JET
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aestivation The dormancy of certain animals
during the summer season, the dry season or
prolonged droughts. It is an important means
of adaptation for desert animals, and can be
contrasted with hibernation — a state of dor-
mancy in the winter months.

affluent A stream into
another, a tributary.

or river flowing

aftershocks A series of small earthquakes fol-
lowing a major tremor and originating at or near
its focus. Aftershocks generally decrease in fre-
quency over time but may occur over a period of
several days or months.

Agenda 21 The declaration, signed by world
leaders at the 1992 UN Conference on Environ-
ment and Development (UNCED) which took
place in Rio de Janeiro, Brazil, and aimed at
achieving global SUSTAINABLE DEVELOPMENT. It
is described as an environmental action pro-
gramme and includes proposals for, among
others, monitoring and reducing chemical
waste, the treatment and elimination of radio-
active waste, the protection of forests and other
natural vegetation, the development of sustain-
able farming and measures to combat soil degra-
dation. Moreover, the Agenda lists programmes
in the fields of oceans, water and coastal man-
agement, combating poverty, health care and
price and trade policies linked to environmental
objectives. Agenda 21 is meant to provide a
basis for global co-operation and is an attempt
to penetrate much deeper than the traditional
development aid provided by developed nations
countries to poorer ones. It represents co-
operation based on common interests, mutual
needs and shared responsibilities. Agenda 21 is
an action programme that is intended to be
implemented by governments, UN agencies,
local and regional administrators, organizations
in the community and the public at large.
National governments are required to promote
the dialogue among these players but local gov-
ernment, too, is expected to play a major role in
providing information, education and mobiliz-
ing the general public to achieve sustainable
development. One of the major objectives of
Agenda 21 is that every local government should
draw up its own ‘Local Agenda 21’ in close
consultation with its citizens. The key principle
is that of sustainable development. MEM

Reading

Lafferty, W. 1998: From Earth Summir to Local Agenda 21.
Carbondale: Earthscan. - Sitarz, D. ed. 1993: Agenda 21:
the Earth Summit strategy to save our planet. Carbondale:
Earthscan.



ageostrophic A type of atmospheric motion
in the troposphere in which the horizontal pres-
sure gradient is not balanced with the deviating
force (CORIOLIS FORCE) owing to the wind velo-
city. It is associated with vertical motion and
hence the formation of cloud and weather.

agglomerate A rock composed of angular
fragments of lava, generally more than 20 mm
in diameter, which have been fused by heat.

aggradation The vertical growth of the land
surface by sediment accumulation. Aggradation
may occur across unconstrained land surfaces
(e.g. in SAND SHEETS that result from aeolian
accumulation) or in constrained settings (e.g.
in a river channel). Any deposition process can
result in aggradation which can occur at a range
of spatial scales and over varying time-scales,

aggregation ratio of a soil is the ratio of the
percentage weight of clay minerals, determined
by mineralogical analysis, to the percentage
weight of clay particles, determined by sediment-
ation methods. The ratio is meant to account for
problems with the acrivity of a soil in which
clay mineral particles aggregate and act as clays,
but have a size corresponding to a value in the
silt size range. WBW

aggressivity In the context of limestone
solution, the propensity of water to dissolve cal-
cium carbonate. When water comes in contact
with air it dissolves an amount of carbon dioxide
into the water. The resultant carbonic acid can
dissolve calcium carbonate (via the theoretical
compound CaHCOQ3) until the aggressiveness of
the water diminishes (when the CO, is used
up). It 1s then said to be saturated with respect
to calcium carbonate. When two saturated solu-
tions of calcium carbonate are mixed it is poss-
ible for the resulting water to be aggressive. This
phenomenon, first identified by Bégli (1971,
English version) is called mixing corrosion or,

in German, Mischungskorrosion. PAB
Reference
Bogli, A. 1971: Corrosion by mixing of karst water.

Transactions of the Cave Research Group of Great Britain
13, pp. 10914,

agonic line A shifting, irregular imaginary
line running through the earth’s north and
south magnetic poles along which the compass
needle points to true north, hence the line of no
magnetic variation.

agricultural drought is a particular consid-
eration or calculation of DROUGHT conditions
that assesses the effect of moisture deficits upon

AGROFORESTRY

agricultural productivity. Various definitions
exist, for example it may simply be considered as
a period of dry weather of sufficient duration to
cause at least partial crop failure. Unlike meteor-
ological drought which specifically reflects preci-
pitation deficits, agricultural drought focuses
upon soil moisture deficits during the growing
season (Wigley and Atkinson 1977), so that pre-
cipitation and potential evaporation are assessed
in conjunction with soil moisture levels. If the
moisture needs of particular crops are known,
their respective drought tolerances and thresh-
olds may be calculated (Agnew 1982). It is pos-
sible to assess the impact of meteorological
drought upon actual crop production levels.
The timing of crop planting and harvesting, and
the occurrence of rain during the year, are also
important considerations, perhaps more so than
absolute rainfall deficits. In areas vulnerable to
drought, changing the crops that are sown may
reduce the susceptibility of production to meteor-
ological drought (e.g. Barrow 1987). DSGT

References

Agnew, C. 1982: Water availability and the development
of rainfed agriculture. In S.W. Niger, Transactions, Insti-
tute of British Geographers NS7, pp. 419-57. - Barrow, C.
1987: Water resources and agricultural development in the
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agroclimatology The study of the interac-
tion between climatological and hydrological
factors and agriculture, including animal hus-
bandry and forestry. Its aim is to apply climato-
logical information for the purpose of improving
farming practices and increasing agricultural
productivity in quantity and in quality. Agrocli-
matology and AGROMETEOROLOGY share nearly
the same aims, scope and methodology. How-
ever, in their application the latter tends to
emphasize weather forecasting in dealing with
daily problems, whereas the former is more con-
cerned with the use of mean data as a guide to
long-range planning. ASG

Reading
Chang, J.H. 1968: Climate and agriculture. Chicago: Aldine.

agroforestry Any system where trees are
deliberately left, planted or encouraged on land
where crops are grown or animals grazed. It
includes practices as diverse as slash-and-burn
agriculture, the growth of shade trees and the
use of living fences either to contain or to exclude
animals. Deep-rooted trees tap nutrient sources
that are out of reach of most crops; these nutri-
ents become readily available when the leaves
fall. Leguminous trees improve soil fertility
directly through nitrogen fixation. Tree roots
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AGROMETEOROLOGY

help to bind the soil and increase aeration. Mix-
tures of trees and crops provide more complete
ground cover which helps to prevent soil erosion
and weed invasion, while making full and pro-
ductive use of available solar radiation. Leaf litter
from the trees adds organic matter to the soil and
acts as a mulch. Tree cover helps to regulate
temperatures, reducing extremes. Farming com-
munities benefit from a regular supply of wood
and other tree products. Multi-purpose trees can
provide fodder for livestock, edible fruits and
nuts, fuel, timber, supports for climbing vegeta-
bles and medicinal products. ASG

agrometeorology The science concerned
with the application of meteorology to the mea-

surement and analysis of the physical environ--

ment in agricultural systems. The influence of
the weather on agriculture can be on a wide
range of scales in space and time, and this is
reflected in the scope of agrometeorology. At
the smallest scale the subject involves the study
of microscale processes taking place within the
layers of air adjacent to leaves of crops, soil
surfaces or animals’ coats (see MICROCLIMATE;
MICROMETEOROLOGY). These processes deter-
mine rates of exchange of energy, and mass
between the surface and the surrounding air.
Such exchange rates are the essential link
between the biological response and the physical
environment. For example, the capture of radi-
ant energy and its use to convert carbon dioxide
and water into carbohydrates are essential ele-
ments in crop growth. Agrometeorologists have
studied how the structure of leaf canopies affects
the capture of light and how measurements of
the atmospheric carbon dioxide concentration
may be used to determine rates of crop growth.

On a broader scale agrometeorologists
attempt to use standard weather records to ana-
lyse and predict responses of plants and animals.
An area of particular interest concerns the esti-
mation of water use by crops as a basis for plan-
ning irrigation requirements. Methods based on
empirical correlations with windspeed, sun-
shine, temperature and humidity have been
superseded by methods with a sounder physical
basis, often using new measuring techniques

Air mass classification

(see EVAPOTRANSPIRATION). Other examples of
this scale of agrometeorology include proced-
ures for forecasting the occurrence of damaging
frosts, or plant or animal diseases. The agrome-
teorologist is also commonly interested in the
soil environment because of the large influence
which the weather can have on soil temperature
and on the availability of water and nutrients to
plant roots. MHU

Reading
Smith, L.P. 1975: Methods in agricultural meteorology.
Amsterdam: Elsevier.

aiguille A sharply pointed rock outcrop or
mountain peak. Often applied to pinnacles
which are the products of frost action.

air mass A body of air which is quasi-homo-
geneous in terms of TEMPERATURE and HUMIDITY
characteristics in the horizontal plane and has
similar LAPSE RATE features. An ideal air mass is
a barotropic fluid in which isobaric and iso-
steric (constant specific volume) surfaces do not
intersect. Air mass classification (see diagram) is
based on the nature of the source area (e.g. polar,
tropical) and the characteristics of the surface
during the outward trajectory (e.g. maritime,
continental). Thermodynamic and dynamic fac-
tors will modify the properties of air masses in
their transit from source areas. AHP

: pﬁ{jy(,\)

Air mass classification and properties with examples of
source regions.

Polar

Arctic/Antarctic

Troprcal
Maritime Maritime tropical (mT)
warm and very moist;
near Azores in N. Atlantic
Continental Continental tropical (cT)

hot and dry;
Sahara desert

Maritime polar (mP)
cool and fairly moist; (A)
Atlantic south of Greenland

Continental polar (Cp)
cold and dry;
Siberia in winter

Arctic or Antarctic
(AA)

very cold and dry;
frozen Arctic Ocean
central Antarctica

12



Reading

Balasco, J.E. 1952: Characteristics of air masses over the
British Isles. Meteorological Office, Geophysical Memoir
11. London: HMSQ. . Harvey, J.G. 1976: Awmosphere
and ocean. Sussex: Artemis. - Miller, A.A. 1953: Air mass
climatology. Geography 38, pp. 35-67.

air parcel An imaginary body of air to which
may be assigned any or all of the dynamic and
thermodynamic properties of the atmosphere.
Investigation of the sTABILITY of the atmosphere
is made most simply by the ‘parcel method’ in
which it is hypothesized that a test parcel of air
moves vertically with respect to its environment
as represented by an ascent curve on a TEPHI-
GRAM. AHP

Reading
Barry, R.G. and Chorley, R.J. 1992: Ammosphere, weather
and climate. 6th edn. London: Routledge.

air pollution If people had never evolved on
this planet the composition of the earth’s ATMO-
SPHERE would be different from what it is today.
Air pollution can therefore be defined as the
presence in the atmosphere of natural or
human caused contaminants in a given quantirty,
and for a given time, that are damaging to
human, plant or animal life; or to property; or
sensually interfere with the comfortable enjoy-
ment of life. Common air pollutants include
smoke, sulphur dioxide, carbon monoxide, car-
bon dioxide, nitric oxide, nitrogen dioxide,
ozone and lead. JET

Reading

Lyons, T.J. and Scott, W.D. 1990: Principles of air pollurion
meteorology. London: Belhaven. - Seinfeld, J.H. 1986:
Auvmospheric chemistry and physics of air pollution. New
York and Chichester: Wiley.

aklé A network of sand dunes, comprising
overlapping TRANSVERSE DUNE ridges that

ALBEDO

described as producing a fishscale pattern. See
DUNE NETWORK DSGT

alas A steep-sided, flat-floored depression,
sometimes containing a lake, found in areas
where local melting of permafrost has taken
place. It is one manifestation of thermokarst.

albedo A measure of the reflectivity of a body
or surface derived from the Latin albus white.
The albedo is defined as the total RADIATION
reflected by the body divided by the total incid-
ent radiation. Numerical values are expressed
between the ranges of either 0-1 or 0-100 per
cent. It is therefore wavelength integrated
across the full solar spectrum, while the term
reflectivity is generally associated with a single
wavelength or narrow waveband, i.e. a spectral
reflectivity. The term albedo was already in
common use by astronomers at the beginning
of the twentieth century (e.g. Russell 1916)
when it referred to the whole-planet value. The
earth’s albedo is close to 0.3, contrasting
strongly with its highly reflective neighbour,
Venus, which has an albedo of 0.7. The advent
of orbiting satellites permitted measurement of
reflected radiation at the top of the atmosphere
above specific geographical locations. Maps of
albedo are now produced illustrating the varia-
tion of reflectivity over the globe. This top-of-
the-atmosphere albedo is termed the planerary
or system albedo. The satellite-sensed radiation is
composed of the reflected beams from the sur-
face, the atmosphere and clouds. Strictly, surface
albedos can be measured only with albedo-
meters mounted close to the surface but they
may also be calculated from clear-sky albedos
measured by satellites. Surface albedos range
in value: oceans: 0.07, dense forests: 0.10, grass
and farmlands: 0.16-0.20, bright deserts: 0.25-

totally enclose the interdune areas. Sometimes 0.40, and highly reflective ice: 0.40-0.60
70-80%
25-50% .
T Thick \EiOUd 80-85%
TR o 5 3 T
Thin cloud T 15-25%
5-10% T Fresh snow
50-80% 3-5% T o
(sunnear (sun near 10% WA
horizon) zenith) 20--30% Bare dry earth
T 20-25% Bare wet
T T Sand T earth
Water ’ !

~ Grassland

The albedo of the earth’s surface. The fraction of the total radiation from the sun that is reflected by a surface is
called its albedo. The albedo for the earth as a whole, called the planetary albedo, is about 53 per cent. The albedo varies
for different surface types. Note also that the angle at which the sun’s rays strike a water surface greatly affects the albedo
value.

Source: A.S. Goudie 1984: The nature of the environment. Oxford and New York: Basil Blackwell. Figure 2.2.
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ALCOVE

Albedos for selected objects

Water surfaces %
Winter:  0° latitude 6
30° latitude 9
60° latitude 21
Summer: 0° latitude 6
30° latitude 6
60° latitude 7

Bare areas and soils

Snow, fresh-fallen 75-95
Snow, several days old 40-70
Ice, sea 30-40
Sand dune, dry 35-45
Sand dune, wet 20-30
Soil, dark 5-15
Soil, moist grey 10-20
Soil, dry clay or grey 20-35
Soil, dry light sand 25-45
Concrete, dry 17-27
Road, black top 5-10
Natural surfaces
Desert 25-30
Savannah, dry season 25-30
Savannah, wet season 15-20
Chaparral 15-20
Meadows, green 10-20
Forest, deciduous 10-20
Forest, coniferous 5-15
Tundra 15-20
Crops 15-25
Cloud overcast
Cumuliform 70-90
Stratus (500-1000 ft thick) 59-84
Altostratus 39-59
Cirrostratus 44-50
Planets
Earth 34-42
Jupiter 73
Mars 16
Mercury 5.6
Moon 6.7
Neptune 84
Pluto 14
Saturn 76
Uranus 93
Venus 76
Human skin
Blond 43-45
Brunette 35
Dark 16-22

Source: Sellers, W.D. 1965: Physical climatology. Chicago:
University of Chicago Press. P. 21.

and snow surfaces: 0.50-1.0. cLOUDS generally
have high albedos though they too exhibit a
considerable range from cumuliform clouds
(0.80) to some cirrtform clouds which barely
reflect solar radiation making their detection
from space very difficult. AH-S

Reference
Russell, HIN. 1916: On the albedo of the planets and
their satellites. Astrophysical Fournal 43.3, pp. 173-96.
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alcove A steep-sided, arcuate cavity on the
flank of a rock outcrop, typically produced by
water erosion processes such as SOLUTION and
spring SAPPING Or seepage. DJN

alcrete Aluminium-rich duricrusts, often in
the form of indurated bauxites. Generally the
products of the accumulation of aluminium ses-
quioxides within the zone of weathering.

alfisol Relatively young, acid soils character-
ized by a clay-enriched B horizon, commonly
occurring beneath deciduous forest in humid,
subhumid, temperate and subtropical climates.
A soil order of the US SEVENTH APPROXIMATION.

algae A large group of photosynthesizing
organisms, many of which are unicellular and
microscopic, although some are multicellular
and conspicuous such as the seaweeds. They
are most frequently aquatic, common in either
marine or freshwater habitats; some are adapted
to lower levels of moisture and may be found, for
example, as the green coating of trees or in the
soil. They are subdivided into several distinctive
phyla on the basis of structure, pigmentation and
characteristics of the cell wall. The major group-
ings are the red algae (e.g. the coralline species
associated with coral reefs), brown algae (mainly
marine, for example all the common seaweeds
including kelp which may exceed 60 m in length),
diatoms and green algae (frequently occurring as
the PLANKTON of freshwater habitats). MEM

Reading
Sze, P. 1997: The biology of the algae. New York: McGraw-
Hiil.

algal bloom A spontaneous proliferation of
microscopic algae in water bodies as a result of
changes in water temperature or chemistry.
Algal blooms may be characteristic of lakes
where eutrophication has been caused by the
addition of pollutants.

alidade a. The sighting device, index and
reading device of a surveying instrument.

b. A straight-edged rule with a sighting device
mounted parallel to the ruler used to plot the
direction of objects.

aliens Organisms either deliberately or accid-
entally introduced by people into regions out-
side their natural distribution range. The term is
commonly used to describe those exotic species
able to propagate themselves in their new habi-
tats without human intervention, so that they
are invasive and may become serious pests.
Alien species during the twentieth century, in
parallel with the increased scale of human



impact, have become major factors in land
transformation and degradation, have disrupted
ecosystem functioning and threaten biological
diversity. Organisms transported to remote
regions by people often arrive without the sig-
nificant natural enemies that control population
numbers within their natural ranges. In certain
cases, these organisms can become successful
invaders of natural and semi-natural habitats in
their new localities and, as so-called ‘environ-
mental weeds’ become hazardous to the invaded
communities. Mediterranean-type ecosystems
appear to have been especially susceptible to
such invasions. For example, the species-rich
FYNBOS heathlands of the south-western Cape
of South Africa has been severely impacted by
invasive alien trees, among the most significant
of which are several Australian varieties of the
genus Acacia. Islands are also strongly impacted
by aliens; the introduction of the European rab-
bit to Australia has had serious ecological con-
sequences and the unique flora and flora of the
Galapagos is threatened by the introduction of
mammals such as domestic cat and dog. More
recently, attempts to control the populations of
alien species have been intensified and biologi-
cal control techniques are now frequently util-
ized. MEM
Reading

Cronk, Q.C.B. and Fuller, J.L.. 1995: Plant invaders: the
threar to natural ecosystems. London: Chapman and Hall. -
Drake, J.A., Mooney, H.A., di Castri, F., Groves, R.H,,
Kruger, F.J., Rejmanek, M. and Williamson, M. 1989:
Biological invasions: a global perspective. Chichester: Wiley.

alimentation The accumulation in quantity
of ice, through snowfall or avalanching, in a
firn field contributing to a glacier.

allelopathy The production of chemicals by
plants in order to inhibit or depress the growth
of competing plants. The phenomenon is prob-
ably far more widespread than generally thought
and is known to occur in plant communities as
diverse as desert shrubs, tropical and temperate
forests and heathlands. Examples include the
checking of spruce growth on heather moorland
by the production of a chemical by the heather
roots which inhibits the growth of the mycor-
rhizal fungi essential for good growth of the
trees; the inhibition of herbaceous species by
the shrubs of the Californian chaparral, and
the suppression of their own seedlings (autotoxi-
city) by a number of forest trees, such as black
walnut ( Fuglans nigra) and the silky oak (Grevil-
lea robusta). Several plants also use chemical
defences against herbivores, e.g. oak leaves
with a high tannin content are less palatable to
certain defoliating caterpillars. KEB

ALLOGENIC STREAM

Reading

Ashton, D.H. and Willis, E.J. 1982: Antagonisms in the
regeneration of Eucalyptus regnans in the mature forest.
In E.I. Newman ed., The plant communirty as a working
mechanism. British Ecological Society: special publication
no. 1. Oxford: Blackwell Scientific. Pp. 113-28. - Krebs,
C.J. 1985: Ecology: the experimental analysis of distribution
and abundance. 3rd edn. New York: Harper & Row.

Allen’s rule The rule which states that the
relative size of the limbs and other appendages
of warm-blooded animals tends to decrease
away from the equator. This correlates with the
increased need to conserve body heat.

Allerad The name given to an INTERSTADIAL
of the Laze Glacial of the last glaciation of the
Pleistocene in Europe. The classic threefold
division into two cold zones (I and III) separ-
ated by a milder interstadial (zone II) emanates
from a type section at Allered, north of Copen-
hagen, where an organic lake mud was exposed
between an upper and lower clay, both of which
contained pollen of Dryas octopetula, a plant tol-
erant of severely cold climates. The lake muds
contained a cool temperature flora, and the
milder stage which they represented was called
the Allerod Interstadial. The interstadial itself
and the following Younger Dryas temperature
reversal are sometimes called the Allered Oscil-
lation. The classic date for the interstadial is
11,350-12,000 BP, but its exact date and status
are in dispute. ASG

Reading

Lowe, J.J. and Gray, M.J. 1980: The stratigraphic sub-
division of the Lateglacial of NW Europe: a discussion. In
1.J. Lowe, M.]. Gray and ].E. Robinson eds, Studies in the
Late glacial of north-west Europe. Oxford: Pergamon. Pp.
157--75. - Mercer, J.H. 1969: The Allerad oscillation: a
European climatic anomaly. Arctic and Alpine Research 1,
pp. 227-34.

allochthonous Refers to the material forming
rocks which have been transported to the site of
deposition, whereas an autochthonous sediment
is one in which the main constituents have been
formed in situ (e.g. evaporites, coal etc.).

allogenic stream A stream which derives its
discharge from outside the local area. The term
is particularly used where local conditions do
not generate much streamflow, for example in
arid areas or ones with permeable rocks. Here
streamflow may be derived from distant parts of
the topographic catchment where precipitation
and run-off are effective. Appearances can
sometimes be misleading because streamflow
may be augmented by contributions from local
groundwater that are not readily appreciated.

)
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ALLOGENIC SUCCESSION

allogenic succession This process is caused
by an external environmental factor rather than
by the organisms themselves. Instances are the
change in vegetation induced by the inflow and
accumulation of sediment in a pond (a geomor-
phological process), or a change in regional cli-
mate. (See also AUTOGENIC SUCCESSION;
CLISERE.) 1AM

allometric growth A biological concept
which derives from ‘the study of proportional
changes correlated with variation in size of
either the total organism or the part under con-
sideration. The variates may be morphological,
physiological or chemical’ (Gould 1966, p. 629).
Allometric growth therefore defines a condition
in which a change in size of the whole is accom-
panied by scale-related changes in the propor-
tions of aspects of the object under study. In
terms of physical geography, investigation of
such scale-related changes has generally concen-
trated on morphological variables so that, as
Church and Mark (1980) point out in their
major review of the concept, one is dealing with
scale distortions of geometric relationships
(compare D’Arcy Thompson 1961). If no such
distortions occur, #somerric growth has taken
place. To give two examples: on the one hand, it
is widely observed that the gradient of the princi-
pal stream channel in a drainage basin is reduced
at an ever-decreasing rate as the drainage area
enlarges; on the other hand, the relationship
between channel width and the wavelength of
meanders appears to be roughly constant,
regardless of actual channel dimensions.

Following Church and Mark (1980), we can
define some basic concepts. First, allometry
refers to a proportional relationship of the
form: A,/A, = b. If the resulting ratio is con-
stant for all values of A4,, isometry exists. If 4,
increases at a faster rate than A,, there is posit-
ive allometric growth; if the reverse, negative. It
is often the case that b represents the exponent
in the general form of the power equation
y = ax’ (where a is a constant dependent upon
the units of measurement): if y and x have the
same scale dimensions, & will be 1.0. If the
relationship is positively allometric & will be
> 1.0, and negatively allometric if < 1.0. If y
and x have different scale dimensions, then the
value of b indicative of isometry will vary accord-
ingly. (For example, if y is a length, L! and x is
an area, >, a value of & of 0.5 would indicate
isometry.) A clear departure from isometry is
also indicated if the relationship between x and
y, plotted as a power function, is curved rather
than linear.

Church and Mark further indicate (1980, p.
345) that dynamic and staric allometry should be
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distinguished. In the former case one is dealing
with the changing proportions of an individual
landform over time; in the latter data are taken
from a number of individuals of different sizes at
one moment. Strictly, a study of static allometry
should include only individuals of equivalent
age. In practice, this requirement may be diffi-
cult to meet and has frequently been ignored. It
should be clear, however, that the interpretation
of the results of studies which aim to investigate
static allometry can be very readily complicated
by extraneous sources of inter-individual varia-
tion, particularly those due to differences in
materials and detailed history.

The concept of allometric growth was expli-
citly introduced into geomorphological litera-
ture by Woldenberg (1966) in an investigation
of HORTON'S LAws of drainage basin composi-
tion. The widest application, however, has been
suggested by Bull (1975), who suggested that all
proportional relationships of the form y = ax?
are essentially allometric. The preceding defini-
tions should have made it clear that this is far
from necessarily the case and Bull’s suggestion
seems likely simply to obscure the true nature of
the underlying concept.

Given the persistent concern of geomorpho-
logists with the size and shape of landforms the
idea of allometry is of obvious potential interest.
Which relationships are scale-dependent?
Which are isometric? Why? All these would
seem to be valid and valuable questions to ask.
Moreover, as landforms do alter in size over
time, the adoption of this particular concept
from biology appears to be quite permissible,
especially since it involves very little modifica-
tion of the underlying biological ideas. Never-
theless, not all geomorphological use seems to
have been governed by a clear grasp of the basic
principles and, in particular, workers have some-
times failed to appreciate the need for equations
to be properly balanced in dimensional terms.

Church and Mark (1980), in their painstaking
discussion of cases of allometric and isometric
relationships in geomorphology, conclude with
a very important theoretical proposition: that
1sometry indicates relationships which are, phy-
sically, completely defined. Allometric situations
suggest the intrusion of as yet unidentified,
scale-dependent controls. In brief, they consider
that a reduction of allometric equations to pro-
perly dimensioned, isometric forms should
produce valuable insights into the manner in
which ‘growth’ influences ‘form’. BAK
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allopatric Descriptive of the condition
whereby two closely related species (a ‘species
pair’), or sub-species occur in separate geo-
graphical areas, for example, Plantago ovata
(Canary Islands to India across North Africa)
and Plantago insularis (southwestern USA). It is
also used to describe the process of speciation
when populations of the same species become
isolated from each other through the establish-
ment of a geographical ‘barrier’, for example as
a result of climatic or geological change. The
resulting genetic isolation allows the separate
populations to evolve independently so that,
even upon removal of the geographical barrier,
the populations are sufficiently distinctive as to
be classified as separate species. MEM

allophane An amorphous hydrated aluminoe-
silicate gel. The chemical composition is highly
variable. The name is applied to any amorphous
substance in clays.

alluvial channe!l A river channel that is cut in
ALLUVIUM. This applies to most larger natural
rivers; ones that are entirely developed in bed-
rock may be found in high-relief areas, but even
there incising streams transporting the material
they have eroded may have a discontinuous
veneer of alluvial material. More generally,
even those channels that have bedrock on the
floors of their deepest scour pools have banks in
alluvial materials which have been deposited
during floods or during the lateral movement
of such rivers.

Non-alluvial channels may be different in
form and development from alluvial rivers. Bed-
rock channels may be constrained by rock out-
crop, while meltwater streams flowing on glacier
ice create channels by removing ice rather than
interacting with the bed materials. This is an
essential characteristic of alluvial channels:
they are self-formed in their own transportable
sediments and can adjust their morphology
according to discharges and the sediment sizes
and loads present.

Alluvial channels can be characterized in
terms of their cross-section, planform and long
profile properties. These are interrelated. For
example, a BRAIDED RIVER planform pattern is
usually associated with a shallow cross-section
and with relatively steep gradients. But these

ALLUVIUM

form elements are also dependent on river dis-
charge and stream power and on sediment prop-
erties. Alluvial channel systems are therefore
complex ones to study. In the short term stable
or equilibrium forms may be developed and
these may alter when controlling conditions
vary. Unfortunately, equilibrium states are not
easy to define, nor are changes precisely predict-
able. The study of alluvial channels is a large
area of scientific enquiry. (See also CHANNEL

CLASSIFICATION.) JL
Reading
Richards, K. 1982: Rivers. London and New York:

Methuen. - Schumm, S.A. 1977: The fluvial system. New
York: Wiley.

alluvial fans See Fans.

alluvial fill Sedimentary material deposited
by water flowing in stream channels. During
the seventeenth century the term included all
water-laid deposits  (including marine sedi-
ments), but in 1830 Lyell restricted its use to
materials deposited by rivers (Stamp 1961).
Particle sizes range from fine clays deposited
by overbank waters to boulders deposited in
the channel bed by large floods. Materials may
be massively bedded if deposited by a single
event, or they may occur in a variety of bed
forms related to flow variation or location
related to the active channel.

Reading and References

Happ, S.C. 1971: Genetic classification of valley sedi-
ment deposits. American Soctery of Civil Engineers: jouwrnal
of the hydraulics division 97, pp. 43-53. - Schumm, S.A.
1977: The fluvial system. New York: Wiley. - Stamp, L.D.
1961: A glossary of geographical rerms. London: Longman.

alluvial terrace See RIVER TERRACE.

alluvium Material deposited by running
water. The term is not usually applied to lake
or marine sediments and may be restricted to
unlithified, size-sorted fine sediments (silt and
clay). Fine material of marine and fluvial origin
may not in practice be easy to distinguish; on
geological maps this is often not attempted and
both are classed together. Coarser sediment may
not by convention be included, but there is no
good reason for this if no particular grain size is
intended. The term can be prefixed by ‘fine-
grained’ or ‘coarse-grained’. Studies of alluvial
channels do not imply any particular grain sizes.

Distinguishing characteristics of alluvium are
its stratification, sorting and structure. Coarser
sediment deposited on the channel bed or in
bars is overlain by finer materials deposited
from suspension, either in channel slackwater
areas or as an OVERBANK DEPOSIT following
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floods. In detail, sedimentary structures may be
complex and dependent on the type of river
activity. Large-scale contrasts are often drawn,
for example between the deposits of braided and
meandering rivers, while different scales and
types of CURRENT BEDDING may be present,
The size of sediments involved may depend on
that supplied to streams from slopes or BANK
EROSION and on the distance from such sources
that a particular reach may be, because rivers
sort and modify alluvial materials as they are
transported. Thus fine-grained alluvium can be
dominant in the lower courses of present rivers;
coarser alluvium can be found close to the sup-
ply points for such material (e.g. in alluvial
cones in high-relief semi-arid areas or at glacier
margins) and in earlier Pleistocene deposits in
mid-latitudes. Here the slope- and glacier-
derived coarser materials produced under for-
mer cold-climate conditions contrast with the
finer alluvium coming from more recent slope
inputs. JL

Reading

Allen, J.R.L.. 1970: Physical processes of sedimentation. Lon-
don: Allen & Unwin. - Reading, H.G. ed. 1986: Sedimen-
tary environments and facies. 2nd edn. Oxford: Blackwell
Scientific.

alp a. A shoulder high on the side of a glacial
trough.

b. (In Switzerland) a summer pasture below the
snow level.

alphadiversity The richness of species within
habitats, i.e. the number of species located
within relatively small, environmentally coher-
ent, geographical areas, as opposed to BETA
DIVERSITY which measures species turnover
between habitats and gamma diversity which
measures turnover between different geographi-
cal areas. Alpha diversity is effectively a measure
of the numbers of different types of organisms
living in a particular locality under similar cir-
cumstances. For example, the total number of
plant species found in a small (say, 100 m?)
sample plot of Mediterranean shrubland in
southern France represents its alpha diversity.
If the sample plot size is very small (1 m?), then
the measure of richness may be referred to as
point diversity. Because of the positive relation-
ship between species richness and area, greater
sample plot sizes are likely to contrain higher
species numbers. Consequently, scale is an inte-
gral component of this kind of diversity mea-
sure. There is, however, a maximum richness
value related to the total number of species
available in the geographical area concerned
(the species pool), which varies principally with
latitude (the tropics have generally greater spe-
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cies complements), taxonomic group under
consideration (some groups are richer at the
poles) and habitat circumstances (some habitats
are especially harsh). Alpha diversity is spatially
highly variable, but is especially elevated in the
neotropical rain forests approaching up to 400
different species of tree alone in a sample plot of
100m x 100m. MEM

Reading
Groombridge, B. 1992; Global biodiversity: status of the
earth’s lrving resources. London: Chapman and Hall.

alpine The zone of a mountain above the tree
line and below the level of permanent snow.

alpine orogeny The period of mountain-
building during the Tertiary era, ending during
the Miocene, that produced the Alpine-Hima-
layan belt.

altimetric frequency curve A frequency
curve constructed by dividing an area into
squares, determining the maximum altitude in
each square and plotting the frequency of these
determinations. A useful technique for rapid
determination of generalized altitudes in an
area, and much used by denudation chronolo-
gists for identifying erosion surface remnants.

altiplanation A form of solifluction, i.e. earth
movement in cold regions, that produces ter-
races and flat summits that consist of accumula-
tions of loose rock. An alternative term 1is
cryoplanation.

altithermal During the Holocene there was a
phase, of varying date, when conditions were
warmer (perhaps by 1-3 °C) than at present. In
the Camp Century Ice Core (Greenland) a
warm phase lasted from 4100 to 8000 Bp,
whereas in the Dome Ice Core (Antarctica) the
warmest phase was between 11,000 and 8000
BP (Dansgaard er al. 1970; Lorius ez al. 1979).
Rainfall conditions may also have changed, arid-
ity having triggered off both renewed sand dune
activity and a decline in human population
levels in areas such as the High Plains from
Texas to Nebraska, USA. ASG
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altocumulus See cLOUDs.

altostratus See cLouDs.



alveolar Or honeycomb weathering features
take the form of small hollows in rock surfaces
that may occur as individual features but more
commonly are found in clusters. They may be
related to TAFONI and indeed the two forms can
often be seen on the same rock surfaces, sug-
gesting that alveoles (c.1-50c¢m in diameter)
may evolve into larger cavernous features in
some circumstances (Mellor er al. 1997).
There 18 no clear morphometric boundary
between the two and the terms have sometimes
been used in an interrelated manner. There may
be a tendency for alveoles to form on vertical or
near-vertical surfaces (distinguishing them from
GNAMMAS, which occur in more horizontal sur-
faces). Although alveoles have often been cited
as a particular feature of sandstones and of drier
and coastal environments, they can be found in
many different lithologies and in many environ-
ments. There is a tendency towards explaining
their development in terms of SALT WEATHERING
and granular disintegration (Mustoe 1982),
which may favour their occurrence in drylands
and coastal situations. DSGT

References

Melior, A., Short, J. and Kirkby, S.J. 1997: Tafoni in the
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ambient Preceding or surrounding a pheno-
menon, e.g. ambient temperature refers to the
temperature of the surrounding atmosphere,
water or soil.

amensalism A kind of interspecific interac-
tion in which there is a negative influence of
one species (the inhibitor) but no reciprocal
negative impact upon the other (the amensal).
This kind of interaction is illustrated by the
African proverb: ‘When elephants fight, the
grass suffers.” In essence, one organism harms
the other as a byproduct of its activities. Such
interactions are common, indeed in the case of
humans many of our interactions with other
organisms could be described as amensal, for
example the negative impact of acid rain on
coniferous forests. MEM

amino acid racemization A method in Gro-
CHRONOLOGY. This dating technique is based on
the fact that the amino acid building blocks
which make up proteins in skeletal remains of
animals undergo time-dependent chemical reac-
tions. Amino acid racemization dating is a relat-
ive-age method involving measurement of the
extent to which certain types of amino acids
within protein residues have transformed from

ANABATIC FLOWS

one of two chemically identical forms (isomers)
to the other. Materials which may preserve such
protein residues within sediment bodies include
bones and other body components (e.g. mum-
mies), mollusc shells and eggshells. At forma-
tion, only L-form amino acids are present. Over
time, and in part controlled by temperature and
other factors (hydrolysis, pH), some of the L-
form acids are converted to a D-form until an
equilibrium is reached. Racemization and epimer-
ization reactions differ in that racemization
involves only amino acids with a single chiral
carbon atom, whereas epimerization involves
amino acids with two chiral carbon atoms (Ait-
ken 1990). The use of a range of amino acids
which undergo racemization or epimerization
over a range of timescales makes it possible to
apply the method over timescales ranging from a
few years to hundreds of thousands. The degree
of change in amino acid composition, however,
depends on factors other than time (e.g., tem-
perature) which may result in substantial errors
in amino acid dates. ss
Reference

Aitken, M.J. 1990: Science-based daring in archaeology.
London: Longman.

amphidromic point The node around which
KELvIN waVES rotate. The rotation is caused by
the CORIOLIS FORCE acting on the flow induced
by a standing tidal wave in large basins. The
amplitude of the wave is nil at the amphidromic
point, and at a maximum at the boundaries of
the tidal basin. Rotation of the TIDES is counter-
clockwise in the northern hemisphere, and
reversed in the southern hemisphere. Coridal
lines connect points experiencing simultaneous
high tides, and these radiate from the amphi-
dromic point. Corange lines connect points of
equal tidal range, and these are concentric
about the amphidromic point. Amphidromic
points are approximately constant in location,
but may show seasonal or other periodic migra-

tions. DJS
Reading
Cartwright, D.E. 1999: Tides: a scientific history.

Cambridge: Cambridge University Press. - Thurman,
H.V. 1991: Introductory oceanography, 6th edn. New
York: Macmillan Publishing Company.

AMS

DATING.

radiocarbon dating See carRBoN

anabatic flows Upslope winds usually pro-
duced by local heating of the ground during
the day. The most common type is the VALLEY
WIND. Anabatic flows develop best on east or
west facing slopes on days with clear skies. The
air along the slope is heated by contact with the
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ANABRANCHING

warm surface much more rapidly than air at the
same elevation away from the slope. The result-
ing temperature difference sets up a thermal
circulation with the air ascending along the
slope and descending over the adjoining plain
or valley. Under ideal conditions anabatic winds
can reach speeds of 10-15m s7! and can be a
factor in the spreading of forest fires in dry
weather. If the air is moist the anabatic flow
may produce anabatic clouds above the crest of
the slope. WDS

Reading

Atkinson, B.W. 1981: Meso-scale atmospheric circulations.
New York and London: Academic Press. - Geiger, R.
1965; The climate near the ground. Cambridge, Mass.:
Harvard University Press. - Oke, T.R. 1987: Boundary
layer climates. 2nd edn. London: Routledge.

anabranching A channel planform that
resembles braiding but where the individual
channels (anabranches) are separated by islands
that divide flow at bankfull rather than by bars
in a braided channel that are overtopped below
bankfull (Nanson and Knighton 1996). Brice
(see CHANNEL CLASSIFICATION) describes ana-
branching as having islands of more than three
times the width of the river at average discharge.
Individual anabranches can be meandering,
braided or straight. Anastomosing is a term com-
monly used by sedimentologists to define a
group of fine grained, low energy anabranching
rivers with a distinctive alluvial architecture
sometimes associated with coal and hydrocar-
bon preservation. GCN
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Jace processes and landforms 21, pp. 217-39.

anaclinal Refers to a feature, especially a river
or valley, which is transverse to strike and
against the dip of strata.

anaerobic Term used to describe conditions
in which oxygen is absent or, in the case of
metabolic processes, respiration in the absence
of oxygen (see AEROBIC). Most organisms
obtain their energy through aerobic respiration
involving the breakdown of sugars in the pre-
sence of oxygen. Some organisms, however, for
example certain types of bacteria or mould, do
so in the absence of oxygen. Such organisms are
referred to as obligate anaerobes if they live
permanently in oxygen-deficient conditions
and facultative anaerobes if they respire aerobic-
ally when oxygen is present and resort to anae-
robic respiration if oxygen is scarce or absent.
Also known as fermentation, the process gener-
ates carbon dioxide and either organic acids
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(e.g. lactic acid in the case of anacrobic respira-
tion in vertebrate skeletal muscles) or alcohols
(e.g. ethanol production from yeast). Fermenta-
tion of yeast is perhaps the most familiar form of
anaerobic respiration, since it is responsible for
the production of alcohol for human consump-
tion in the form of beer or wine. Biochemically,
the forms of respiration may be compared as
follows, note the variation in energy production
(identified here in terms of kilojoules), which
indicates the relative efficiency of aerobic
respiration:

Anaerobic respiration with ethanol

formation (alcoholic fermentation)

Ce¢H;,0¢ — 2CH3CH,OH + 210Kk]
ethanol

Anaerobic respiration with lactic acid

Jormation

CeH 20, — 2CH3CH({OH)COOH + 150k]

lactic acid

Aerobic respiration
C6H12()h + 02 - ()H20 -+ 6C()3 + 28801(]

In still other organisms, for example bacteria
of the genus Sulfobolus, energy is obtained
anaerobically through the oxidation of inor-
ganic substances, for example hydrogen sul-
phide. MEM

ana-front A front which has ascending air at
one side, particularly one experiencing the unu-
sual phenomenon of rising cold air.

analemna A scale drawn on a globe to show
the daily declination of the sun, enabling the
determination of those parallels where the
sun is directly overhead at any specific time of
year.

anamolistic cycle The tidal cycle, normally
taken as lasting 27.5 days, which is related to
the varying distance between the earth and the
moon.

anaseism The vertical component of the
waves moving upwards from the focus of an
earthquake.

anastomosing A category of fine grained,
low energy ANABRANCHING rivers. They have a
distinctive alluvial architecture consisting of are-
naceous channels and argillaceous overbank
deposits and are sometimes associated with
coal and liquid hydrocarbon preservation in
the stratigraphic record. They should not be
confused with BRAIDED RIVERS. GCN



anastomosis Braiding of rivers, i.e. the tend-
ency of some streams to divide and reunite pro-
ducing a complex pattern of channels. (See
BRAIDED RIVER.)

andosols Dark soils developed on volcanic
rock and ash.

andromy The migration of some fish species
from salt to fresh water for breeding.

anemograph A self-recording instrument for
measuring the speed and sometimes the direc-
tion of the wind.

anemometer A mechanical or -electronic
device for measuring wind speed. The simplest
of these devices is the cup-anemometer which
consists of a rotating set of cups (or vanes) mea-
suring the ‘run of wind’ on a continuous coun-
ter. This is the distance the wind travels per unit
time and is commonly expressed as km/day.
More sophisticated cup-anemometers use a
reed switch which completes an electrical circuit
on each rotation, providing an electrical pulse
which can be monitored by a DATA LOGGER.
Cup-anemometers suffer from inertia and fric-
tion, both of which limit their accuracy in low
velocity winds or TURBULENT FLOW, particularly
when measurements are required over short
timespans such as 10s or less (Kaganov and
Yaglom 1976). Wholly accurate measurements
are inherently problematic to obtain with all
mechanical anemoineters as it is always neces-
sary to place the sensor in the wind, hence dis-
rupting it.

Hot-wire anemometers determine high-fre-
quency velocity fluctuations from the resistance
of a thin wire placed in the flow, the electro-
conductivity of which is controlled by its tem-
perature (Castro 1986). The wire is usually
made of platinum and has a diameter of
about 5 microns, the active portion of the wire
being of the order of 1mm. In practice, the
voltage required to keep the wire at a constant
temperature is measured and this is calibrated
against the velocity of flow. Such hot-wires are
very delicate and have been restricted to use
in wind tunnels, although armoured versions
can now be used in the field. Laser Doppler
anemometry measures the velocity of airflow
by sensing the change in frequency of light scat-
tered back from tiny particles introduced to the
flow. The great advantage of this technique is
that it is non-intrusive and enables high fre-
quency measurements (> 100 Hz), but it is
very expensive and currently restricted to wind
tunnel use. GFSW

ANGLE OF DILATION
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angiosperms Flowering plants, a subdivision
of seed-producing plants (Spermatophyta),
whose main characteristic is the presence of
the flower. Angiosperms are distinguished
from the ‘naked-seed’ plants (gymnosperms)
by the fact that, following fertilization, the
seeds are developed in a protected ovary. Flow-
ers are essentially modified shoots comprising
four series arranged as whorls. From the outside
of the flower inwards, these series are (1) sepals,
(2) petals, (3) stamens (the pollen-producing
male component) and (4) carpels (female struc-
tures from which the seeds develop). Flowering
plants represent the dominant group of plants
today and there are approximately 250,000
described species including all the commonly
occurring herbs, shrubs and trees. Of the two
groups of seed plants, angiosperns appear much
later in the fossil record, although they have
diversified to occupy virtually every ecological
NICHE and, moreover, are of major economic
importance in that they provide much of
human food supply as wheat, rice, maize etc.
Gymnosperms, of which there are approx-
imately 700 species, have a more ancient evolu-
tionary history and have been outcompeted in
most contemporary environments by their more
successful flowering relatives, although they
remain prominent in certain environments
(e.g. the boreal forests of North America and
Eurasia). Angiosperms are divided into two
classes based on the number of leaves in the
embryo, one in the case of the Monocoryledoneae
(e.g. lily) and two in the Dicotyledoneae (e.g.
oak). MEM

Reading

Rudall, P. 1993: Anaromy of flowering plants: an introduc-
tion 1o structure and development. Cambridge: Cambridge
University Press.

angle of dilation (#) The angle by which the
grains of a granular material are displaced and
reorientated on a shearing surface (SHEAR
STRENGTH) cutting through the mass of particles.
The reorientation movement is a response to the
interlocking of particles which provide the fric-
tional resistance or shear strength. The angle (¢)
is related to the ANGLE OF INTERNAL SHEARING
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ANGLE OF INITIAL YIELD

RESISTANCE (¢) and the static ANGLE OF PLANE
SLIDING FRICTION (¢ys) by 0 = ¢ — ¢hys. WBW
Reading

Statham, 1. 1977; Earth surface sediment transport. Oxford:
Clarendon Press.

angle of initial yield (p) The angle of a
slope of granular material at which movement,
often as ‘avalanching’, is seen to start. The angle
depends upon the type of material, particu-
larly its packing and bulk density, which
together create interlocking particles. It has a
higher value than the ANGLE OF RESIDUAL SHEAR
(pr). WBW

angle of internal shearing resistance (¢)
The angle, usually measured in a TRIAXIAL or
SHEAR BOX apparatus to give the friction
angle o, for granular materials, of the MOHR-
CoUuLOMB equation. It is not a constant for
any material but depends upon the voin
RATIO or POROSITY, as well as other frictional
properties which relate to the interlocking of
particles. WBW

Reading
Statham, 1. 1977: Earth surface sediment transport. Oxford:
Clarendon Press.

angle of plane sliding friction (¢, The
angle at which non-cohesive (granular) particles
just begin to slide down a surface. Strictly, this is
the static angle; if it is the angle at which parti-
cles just stop moving it is the dynamic angle. It
can apply to individual granular particles, a
mass of such particles, or a slab of rock. In the
latter case it is related to joint friction. For any
of these, the static angle ¢y and the dynamic
angle ¢yg4 are approximately constant but ¢ is
greater than ¢ug. WBW

Reading
Statham, 1. 1977: Earth surface sediment transport. Oxford:
Clarendon Press.

angle of repose The angle at which granular
material comes to rest (also called the angle of
rest); it approximates to the angle of scree
slopes. Strictly, natural slopes for one material
may have a variable angle of repose according to
whether the material has just come to rest or is
about to move, hence it is also related to the
ANGLE OF INITIAL YIELD or the ANGLE OF RESIDUAL
SHEAR. WBW

angle of residual shear (¢,) The angle at
which granular material comes to rest after
movement. The angle is less than the ANGLE
OF INITIAL YIELD (¢;) and is comparable to the
ANGLE OF INTERNAL SHEARING RESISTANCE (¢))
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for cohesionless material in its most loosely
packed state; thus the difference between ¢,

and ¢ represents a loss of strength of
the material to define a residual shear
strength. WBW
Reading

Statham, 1. 1977: Earth surface sediment transport. Oxford:
Clarendon Press.

angular momentum A rather abstract quan-
tity of great generality, essentially the product of
the mass of a particle, the distance to an axis,
and tangential components of velocity. It can be
shown that forces directed towards (or away
from) the axis cannot change the angular
momentum. Many natural systems, including
hurricanes and tornadoes, are dominated by
forces acting towards a centre of low pressure.
The (large) tangential components of velocity V
at distance r are constrained by conservation of
angular momentum to have V necarly propor-
tional to 1/r. This gives such systems a charac-
teristic shape, flow field, and qualities of
persistence. Angular momentum on the global
scale is similarly constrained. (See also MOMEN-
TUM BUDGET.) JSAG

angular unconformity A  stratigraphic
unconformity represented by younger strata
overlying older strata which dip at a different
angle, usually a steeper one.

anisotrophy The condition of a mineral or
geological stratum having different optical or
physical properties in different directions.

annualseries A term used in flood frequency
analysis for the series of discharges obtained by
selecting the maximum instantaneous discharge
from each year of the period of record. The
annual series is therefore equal to the number
of years of hydrological record analysed. (See
also FLOOD FREQUENCY.) KJG



annular drainage A circular or ring-like
drainage pattern produced when streams and
rivers drain a dissected dome or basin.

antecedent drainage A drainage system
which has maintained its general direction
across an area of localized uplift.

antecedent moisture The soil moisture
condition in an area before a rainfall, which
moderates the area’s run-off response to the
rainfall. Antecedent moisture condition 1s
usually expressed as an index and may be esti-
mated by weighting past rainfall events to derive
an antecedent precipitation index (API). The
API is a weighted sum of preceding rainfall
within given time units and if a daily time base
is used the API is often calculated as:

APl = API'. k4 P,

where APJ, is the antecedent precipitation index
for day 1, P, is the precipitation on day ¢, and % is
a decay factor (A< 1.0 and |wusually
0.85 < £ < 0.98).

Alternatively, a water budget based upon the
preceding rainfall and evapotranspiration rates
can be used to provide an estimate of soil
moisture storage (see WATER BALANCE) or base
flow in the area may be used as an index of
soil moisture or antecedent moisture condi-
tion. AMG

Reading
Chow, V.T. 1964: Handbook of applied hydrology. New
York: McGraw-Hill.

antecedent precipitation index An index
of moisture conditions in a catchment area
used to assess the amount of effective rainfall
that will form direct surface run-off. If there
has been no rain for several weeks less rainfall
will get into the streams than if the ground sur-
face is already saturated. The index is calculated
on a daily basis and assumes that soil moisture
declines exponentially when there is no rainfall.
Thus we have:

API, = k. APY,_,

where AP, is the index r days after the starting
point. The value of & will depend upon the
potential loss of moisture so has a seasonal var-
iation between 0.85 and 0.98. An allowance is
made for any precipitation input during the
period. Ps

anteconsequent stream A stream which
flows consequent on an early uplift but anteced-
ent to later stages of the same tectonic
uplift.

ANTHROPOGEOMORPHOLOGY

Reading

Shelley, DD, 1989: Anteconsequent drainage: an unusual
example formed during constructive volcanism. Geomor-
phology 2, pp. 363-17.

anthropochore Plant introduced to an area
by humans (see also ALIENS). This may take the
form of an intentional introduction, for example
the introduction of various types of European
and North American trees to the southwestern
Cape of South Africa by colonial settlers. These
trees were planted to augment dwindling sup-
plies of locally available wood for fuel and shel-
ter. In other situations, introduction may be
entirely an accidental by-product of human
activity; seeds of exotic plant species may be
transported to a novel locality in, for example,
aircraft tyre treads or in containers onboard
ship. In some instances, plants introduced
intentionally may disperse from their new local-
ities and into places where they become ecolo-
gically problematic. For example, the
ornamental garden azalea, Rhododendron ponti-
cum, originally an Asian species, has become a
significant invasive pest in the woodlands of
Britain. MEM

anthropogene A primarily Russian term for
the period during which man has been an inhab-
itant of the earth (i.e. the past two to three
million years).

anthropogeomorphology The study of the
role of humans as a geomorphological agent.
There are very few spheres of human activity
which do not create landforms (table 1). There
are those landforms produced by direct anthro-
pogenic processes. These are relatively obvious
in form and origin and are frequently created
deliberately and knowingly (table 2). Landforms
produced by indirect anthropogenic processes
are often less easy to recognize, not least because
they do not so much involve the operation of a
new process or processes as the acceleration of
natural processes. They are the result of envir-
onmental changes brought about inadvertently

by human technology. ASG
Reading
Brown, E.H. 1970: Man shapes the earth. Geo-

graphical journal 136, pp. 74-85. - Goudie, A.S. 2000:
The human tmpacr. 5th edn. Oxford: Basil Blackwell;
Cambridge, Mass.: MIT Press. - Haigh, M.], 1978:
Evolution of slopes on artificial landforms, Blaenavon,
UK. University of Chicage, Department of Geography
research paper 183. - Jennings, J.N. 1966: Man as a geolog-
ical agent. Australian journal of science 28, pp. 150-6. -
Sherlock, R.L. 1922: Man as a geological agent. London:
Witherby.
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ANTIBIOSIS

Table1

Some anthropogenic landforms

Feature

Cause

Pits and ponds

Mining, marling

Broads Peat extraction

Spoil heaps Mining

Terracing, lynchets Agriculture

Ridge and furrow Agriculture

Cuttings Transport

Embankments Transport; river and
coast management

Dikes River and coast
management

Mounds Defence, memorials

Craters War; ganat

City mounds (tells)

construction
Human occupation

Canals Transport, irrigation

Reservoirs Water management

Subsidence Mineral and water
depressions extraction

Moats Defence

Table2 Classification of anthropogenic
landforming processes

1 Direct anthropogenic processes
1.1 Constructional

tipping: loose, compacted, molten
graded: moulded, ploughed,
terraced

1.2 Excavational

digging, cutting, mining, blasting
of cohesive or non-cohesive
materials

cratered

trampled, churned

1.3 Hydrological interference

flooding, damming, canal
construction dredging, channel
modification

draining

coastal protection

2 Indirect anthropogenic processes
2.1 Acceleration of erosion and

sedimentation

agricultural activity and
clearances of vegetation
engineering, especially road
construction and urbanization
incidental modifications of
hydreological regime

2.2 Subsidence: collapse, settling

mining
hydraulic
thermokarst

2.3 Slope failure: landslide, flow,

accelerated creep
loading
undercutting
shaking
lubrication

2.4 Earthquake generation

loading (reservoirs)
lubrication (fault plane)

Source: Haigh 1978.
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antibiosis A specific form of antagonism
which involves the formation by one organism
of a substance which is harmful to another
organism.

anticentre The point opposite the epicentre,
above the focus, of an earthquake.

anticline A type of geological FOLD that is
convex-upwards in shape (i.e. the strata form
an arch) which develops as a result of laterally
applied compression resulting from tectonic
activity. DN

anti-cyclone An extensive region of relatively
high atmospheric pressure, typically a few thou-
sand kilometres across, in which the low level
winds spiral out clock-wise in the northern
hemisphere and counter-clockwise in the south-
ern. Anti-cyclones are common features of sur-
face weather maps and are generally associated
with calm, dry weather.

They originate either from strong radiative
cooling at the earth’s surface or from extensive
subsidence through the depth of the tropo-
sphere. The first kind, known as cold anti-
cyclones or highs, form across the wintertime
continents and are shallow features produced
by cold, dense air which is confined to the lower
troposphere. The mobile ridges which occur in
the polar air between frontal systems are also
cold highs. The second kind, called warm anti-
cyclones, are semipermanent features of the sub-
tropical regions of the world. Here the descend-
ing branch of the HADLEY CELL ensures the
persistence of a large downward flow of mass to
supply the outflowing surface winds. The com-
pression of the subsiding air leads to a deep,
anomalously warm troposphere within which
the anti-cyclonic circulation persists with height.
Fine summers in Britain are normally associated
with an unusual north-eastward excursion of the
warm Azores anti-cyclone,

Although the subsidence and dry air in the
highs tend to dampen convective activity,
extensive and sometimes persistent low layer
cloud can occur in some regions. RR

Reading
Palmer, E. and Newton, C.W. 1969: Aumospheric circulation
svstzems. New York and London: Academic Press.

antidune A ripple on the bed of a stream or
river similar in form to a sand dune but which
migrates against the direction of flow (.e.
upstream).

antiforms Upfolds of strata in the earth’s
crust; synforms are downfolds. In both cases the



precise stratigraphic relationships of the rocks
are not known, whereas in the case of anticlines
and synclines they would be.

antipleion An area or a specific meteorologi-
cal station where the mean annual temperature
is lower than the average for the region.

antipodal bulge The tidal effect occurring at
the point on the earth’s surface opposite that
where the pull of the moon’s gravity is strongest.
Hence it is the tidal effect at the point where
lunar attraction is weakest.

antipodes Any two points on the earth’s sur-
face which are directly opposite each other so
that a straight line joining them passes through
the centre of the earth.

antitrades A deep layer of westerly winds in
the TROPOSPHERE above the surface TRADE
WINDS. In a simple way they represent the
upper limits of the HADLEY CELL within which
occurs the poleward transfer of heat, and
momentum and water vapour. BWA

antitriptic wind See winp.

aphanitic Microcrystalline and cryptocrys-
talline rock textures. Pertaining to a texture of
which the crystalline components are not visible
with the naked eye.

aphelion The point of the orbit of a planet, or
other solar satellite, which is farthest from the
sun.

aphotic zone The portion of lakes, seas and
oceans at a depth to which sunlight does not
penetrate.

aphytic zone The portion of the floor of
lakes, seas and oceans which, owing to their
depth, are not colonized by plants.

apogee The point of the orbit of the moon or
a planet that is farthest from the earth.

aposematic coloration The conspicuous
and distinctive markings on a plant or animal
which communicate that it is poisonous or dis-
tasteful to potential predators.

applied geomorphology The application of
geomorphology to the solution of miscellaneous
problems, especially to the development of
resources and the diminution of hazards (Hails
1977). The great American geomorphologists of
the second half of the nineteenth century —

APPLIED GEOMORPHOLOGY

Powell, Dutton, McGee and Gilbert — were
employed by the US Government to undertake
surveys to enable the development of the West,
and R.E. Horton, one of the founders of modern
quantitative geomorphology, was active in the
soil conservation movement generated by the
‘Dust Bowl’ conditions of the 1930s. It is nota-
ble that all these workers made fundamental
contributions to theory, and thus to ‘pure’ geo-
morphology, even though much of their work
was concerned with the solution of immediate
environmental problems. More recently there
has been much interest in the USA in engineer-
ing geomorphology and environmental impact
assessment (Coates 1976): in the UK in the
geomorphological problems of arid environ-
ments (Cooke et al. 1983), in Australia in the
preparation of inventories of environmental
conditions in different parts of that island, in
Canada in the development of permafrost areas
(Williams 1979), and among French geomor-
phologists working for Office de la Recherche
Scientifique et Technique Outre-Mer (ORS-
TOM) and other bodies, etc. In the past two
decades the role of the geomorphologist has
developed, partly because with increasing popu-
lation presures and technological developments
the impact of man on geomorphological pro
cesses has increased (Goudie 1993) and partly
because the increasing competence of geomor-
phologists in the study of materials and pro-
cesses proved to be more valuable than
denudation chronology to the solution of envir-
onmental problems.

The role of the geomorphologist in environ-
mental management (Cooke and Doornkamp
1990) can be subdivided into six main categories.
First of these is the mapping of geomorpholog-
ical phenomena. Landforms, especially deposi-
tional ones, may be important resources of useful
materials for construction, while maps of slope
angle categories may help in the planning of
land use, and maps of hazardous ground may
facilitate the optimal location of engineering
structures. Secondly, because landforms are
relatively easily recognized on air photographs
and remote sensing imagery, they can be used as
the basis for mapping other aspects of the envir-
onment, the distribution of which is related to
their position on different landforms. An
important example of this is the use of landform
mapping to provide the basis of a soil map (Ger-
rard 1992; see also CATENA). The third category
is the recognition and measurement of the speed
at which geomorphological change is taking
place. Such changes may be hazardous to man.
By using sequential maps and air photographs,
or archival information, and by monitoring pro-
cesses with appropriate instrumentation (Gou-
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die 1990), areas at potential risk can be identi-
fied, and predictions can be made as to the
amount and direction of change. For example,
by calculating rates of soil erosion in different
parts of a river catchment an estimate can be
made of the likely life of a dam before it is silted
up, and measures can be taken to reduce the
rates of erosion in the areas where the erosion is
highest. Indeed, the fourth category of applied
geomorphology is to assess the causes of the
observed changes and hazards, for without a
knowledge of cause, attempts at amelioration
may have limited success. Fifthly, having
decided on the speed, location and causes of
change, appropriate solutions can be made by
employing engineering and other means.
Sixthly, because such means may themselves
create a series of sequential changes in geomor-
phological systems, the applied geomorpholo-
gist may make certain recommendations as to
the likely consequences of building, for exam-
ple, a groyne to reduce coastal erosion. Exam-
ples of engineering solutions having unforeseen
environmental consequences, sometimes to the
extent that the original problem is heightened
and intensified rather than reduced, are all too
common, especially in many coastal situations
(Bird 1979). ASG
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Bird, E.C.F. 1979: Coastal processes. In K.J. Gregory
and D.E. Walling eds, Man and envirommental processes.
Folkestone: Dawson, Pp. 81-101. . Coates, D.R. ed.
1976: Geomorphology and engineering. Stroudsburg, Pa.:
Dowden, Hutchinson & Ross. + Cooke, R.U., Brunsden,
D., Doornkamp, J.C. and Jones, D.K.C. 1983: Urban
geomorphology in drylands. Oxford: Oxford University
Press. - Cooke, R.U. and Doornkamp, J.C. 1990: Geo-
morphology in  environmenral management. 2nd edn.
Oxford: Oxford University Press. - Gerrard, J. 1992: Soil
geomorphology. London: Chapman and Hall. - Goudie,
A.S. ed. 1990. Geomorphological rechniques. 2nd edn. Lon-
don: Unwin Hyman. - —1993: The wman impact. 4th
edn. Oxford: Basil Blackwell; Cambridge, Mass.: MIT
Press. - Hails, J.R. ed. 1977: Applied geomorphology.
Amsterdam: Elsevier. - Verstappen, H.Th. 1983: Applied
geomorphology. Amsterdam: Elsevier. - Williams, P.J. 1979:
Pipelines and permafrost; physical geography and development
in the circumpolar North. London: Longman.

applied meteorology The use of archived
and real-time atmospheric data to solve practi-
cal problems in a wide range of economic, social
and environmental fields. The need to analyse
and apply atmospheric information for such
purposes arises because weather and climate
impinge directly on vital human concerns such
as agriculture, water resources, energy, health
and transport. Specific operational problems
are usually raised by clients or managers
involved with weather-sensitive activities but a
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Applied meteorology: sectors and activities where
climate has significant social, economic and
environmental significance

General
activities

Primary
sectors

Specific
activities

Food Agriculture Land use, crop
scheduling and
operations, hazard
control,
productivity,
livestock and
irrigation, pests
and diseases, soil
tractionability
Management,
operations, yield
Flood/droughts/
pollution
abatement
Engineering
design, supply,
operations
Health, disease,
morbidity and
mortality
Settlement design,
heating and
ventifation,
clothing,
acclimatization
Potential,
dispersion, control
Sites, facilities,

Fisheries

Water Water disasters

Water resources

Health and
community

Human
biometeorology

Human comfort

Air pollution

Tourism and

recreation equipment,
marketing, sports
activities
Energy Fossil fuels Distribution,
utilization,
conservation
Renewable Solar/wind/water
resources power development
industry Building and Sites, design,
and trade construction performance,

operations, safety
Engineering design,
construction
Regeneration,
productivity,
biological hazards,
fire

Air, water and land
facilities, scheduling,
operations, safety
Plant operations,
product design,
storage of materials,
sales planning,
absenteeism,
accidents

Finance, law,
insurance, sales

Communications

Forestry

Transportation

Commerce

Services

Source: Thomas, M.K. 1981: The nature and scope of
climate applications. Canadian Climate Centre
(unpublished).



continuing dialogue between meteorologist and
customer may well be necessary to ensure the
optimum application of atmospheric knowledge
in any particular field or industry. For example,
atmospheric data can be usefully applied
throughout the construction industry from the
initial planning of location, through the design
of buildings and the on-site construction phase
to the control of energy and other running costs
when the building is complete.

The comprehensive scope of applied meteoro-
logy is illustrated in the table, which lists the
activities which can benefit from the application
of atmospheric knowledge. Such applications
cover all time-scales of atmospheric behaviour.

KS

aquaculture The commercial cultivation of
plants and animals in aquatic environments,
both freshwater and marine (mariculture). Fish
aquaculture includes the production of food
crops and ornamental (i.e. aquarium) fish.
Plant aquaculture includes hydroponic farming
as well as open environment farming (e.g. sea-
weed production). Fish farming refers to closed
system, and pen or cage production. Fish ranch-
ing refers to the cultivation of migratory species
that are seeded, released, and harvested upon
their return to the ‘ranch’. Aquaculture is often
touted as a solution to feeding the world’s hun-
gry populations. DJs

Reading
Stickney, R.R. 1996: Aquaculture in the United States. New
York: Wiley.

aquatic macrophyte Freshwater or marine
plant defined on the basis of its large size (i.e.
nominally large enough to be seen without the
aid of a microscope). In marine conditions, in
which case they are known as seaweeds, such
plants may be extremely large, for example kelp,
commonly occurring brown ALGAE of coastal
waters, which may exceed 60 m in length. Sea-
weeds are most abundant in the inter-tidal and
sub-tidal zone where environmental conditions
are such that specialized adaptations are
required for survival. For example, twice a dav
the intertidal seaweeds are exposed to the atmo-
sphere and must cope with a desiccating
atmosphere and direct solar radiation, whereas
during twice-daily tidal inundation periods thev
must endure submersion by seawater and the
physical impact of waves in the surf zone. In
order to deal with the rigours of survival under
such circumstances, seaweeds have evolved
unique metabolic and anatomical characteris-
tics. For example, the body, or thallus, of the
organism consists of a root-like holdfast and a
stem-like stipe supporting leaf-like blades used in

ARCHES, NATURAL

photosynthesis. Cell walls are composed of cel-
lulose and gel-forming (e.g. agar) substances
accounting for the slimy and rubbery feel of
many seaweeds, a feature which may cushion
the thalli against wave impact and also help
them resist drying during low tide. Especially in
Asia, seaweeds, which are rich in nutrients such
as 1odine, are used as food. While the macro-
phytes of the oceans are usually algae, aquatic
plants in fresh water, for example the cosmopo-
litan duckweeds (family Lemmnaceae), may belong
to higher evolutionary groups. Under conditions
of nutrient enrichment of lakes due to inwashed
agricultural fertilizer, such plants may rapidly
increase in population and contribute to the
problem of EUTROPHICATION. MEM

Reading

Sundaralingam, V.S. 1990: Marine algae: morphology,
reproduction and biology. Port Jervis, New York: Lubrecht
and Cramer.

aquiclude See AQUIFUGE; GROUNDWATER.

aquifer Refers either to a permeable or porous
subsurface rock that holds water, or to the body
of water itself. This water is termed GROUND-
WATER and is important both as a resource for
human use and as a component of the hydrolo-
gical cycle. A confined aquifer occurs between
two impermeable rocks (termed aquicludes),
while the upper limit of an unconfined aquifer is
marked by the water table. DSGT

aquifuge An impermeable rock incapable
of absorbing or transmitting significant
amounts of water. Unfissured, unweathered
granite is an example. Certain rocks such as
clay and mudstone are very porous and absorb
water, but when saturated are unable to transmit
it in significant amounts under natural con-
ditions. Such formations are known as aqui-
cludes. The term aquitard is also sometimes used
to describe the hydrological characteristics of the
less permeable bed in a strategic sequence, that
may be capable of transmitting some water, but
not in economically significant quantities. PWwW

Reading

Freeze, R.A. and Cherry, J.A. 1979: Groundwater. Engle-
wood Cliffs, NJ: Prentice-Hall. - Ward, R.C. 1975: Prin-
ciples of hydrology. 2nd edn. Maidenhead, Berks.:
McGraw-Hill,

aquitard See AQUIFUGE; GROUNDWATER.

arboreal Pertaining to trees.

arches, natural A bridge or arch of rock join-
ing two rock outcrops which has been produced
by natural processes of weathering and erosion.
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archipelago A sea or lake containing numer-
ous islands or a chain or cluster of islands.

arctic Variously defined depending on one’s
interest. The popular definition is to include all
areas north of the Arctic Circle (Lat. 66%” N)
which is the latitude at which the sun does not
rise in mid-winter or set in mid-summer. A more
useful natural definition includes land areas
north of the tree line and oceans normally
affected by Arctic water masses. DES

Reading
Sugden, D.E. 1982: Arcric and Antarctic. Oxford: Basil
Blackwell; Totowa, NJ: Barnes & Noble.

arctic-alpine flora A group of plants display-
ing a disjunct geographical distribution that
embraces both the lowland regions of the arctic
and the high-altitude mountain areas of the tem-
perate and even the tropical zones. The main
mountain systems involved are the Rockies, the
Alps, the Himalayas and high intertropical
mountains, such as those of East Africa. Classic
examples of the flora include Awnemone alpina
(Alps/Arctic), Polygonum  wiviparum  (Alps,
Altail, Himalayas/Arctic), Ranunculus pygmaeus
(Alps, Rockies/Arctic), Salix herbacea (Alps,
Urals, Rockies/Arctic) and Saxifraga oppositifolia
(Alps/Arctic). PAS

Reading

Loéve, A. and Love, D. 1974: Origin and evolution of the
arctic and alpine floras, In J.I3. Ives and R.G. Barry eds,
Arctic and alpine environments. London: Methuen. Pp.
571603,

arctic haze A reddish-brown atmospheric
haze, which is often observed in the Arctic,
especially in the winter and spring, when
atmospheric conditions are calm. It consists
primarily of atmospheric pollutants derived

from industrial sources in FEurope and
northern Asia. These include sooty and acidic
particles. ASG
arcticsmoke See FROST SMOKE.
areic Without streams or rivers.
arena A shallow, broadly circular basin

hemmed in by a rim of higher land.

arenaceous Pertaining to, containing or
composed of sand. Applied to sedimentary
rocks composed of cemented sand, usually
quartz sand.

areography The study of the geographical
ranges of plant and animal taxa. It focuses on
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the form and size of taxonomic ranges, and
differs in emphasis from BIOGEOGRAPHY {(con-
cerned with the delimination of floral and faunal
sets and the origins of their constituent ele-
ments) and ecogeography (concerned with the
reasons for the form and size of taxonomic
ranges). ASG

Reading
Rapoport, E.H. 1982: Areography: geographical strategies of
spectes. Oxford: Pergamon.

aréte A fretted, steep-sided rock ridge separ-
ating valley or cirque glaciers. The basic form is
the result of undercutting or BASAL SAPPING by
glaciers which evacuate any rock debris and thus
maintain steep rock slopes. Arétes are common
whenever mountains rise above glaciers, for
example in mountain chains and as nunataks
protruding above ice sheets. DES

argillaceous Pertaining to, containing or
composed of clay. Applied to rocks which con-
tain clay-sized material and clay minerals.

aridisols The soils of dry climates, which are
grouped as one of the eleven soil orders of the
US system of soil taxonomy. Aridisols show
limited differentiation into HORIZONS, owing 1o
fack of water to break down and translocate
materials, and of organic matter, which nor-
mally darkens the upper parts of other soils.
Aridisols may have subsurface layers rich in
salts, calcium carbonate, gypsum (calcium sul-
phate) or other materials that are normally
removed by water from the soils of wetter
regions. Part of the mineral fraction of many
aridisols is composed of materials derived from
clsewhere and delivered by long-distance wind
transportation. DLD

Reading
Skujins J. ed. 1991: Semiarid lands and deserts. soil resource
and reclamation. New York: Marcel Dekker.

arkose A sandstone containing more than
25 per cent feldspar. Any feldspar-rich sand-
stone.

armoured mud balls (also called clay balls,
pudding balls, mud pebbles and mud balls).
Roughly spherical lumps of cohesive sediment,
which generally have diameters of a few
centimetres, though much larger examples
have been reported. Many examples are lumps
of clay or cohesive mud that have been gouged
from stream beds or banks by vigorous currents.
They often occur in badlands and along ephem-
eral streams, but can also be found on beaches,
in tidal channels, etc. ASG



armouring A term used of heterogeneous
river bed material when coarse grains are con-
centrated sufficiently at the bed surface to stabil-
ize the bed and inhibit transportation of
underlying finer material. An armour layer is
coarser and better sorted than the substrate,
and is typically only 1-2 grains thick. Genetic-
ally, a distinction exists between armoured and
paved beds. An armoured bed is mobile during
floods, but the coarser veneer reforms on or
after the falling limb of a flood capable of dis-
rupting and transporting the armouring grains
as finer grains are winnowed and the protective
layer is recreated. The substrate remains pro-
tected until the next event capable of entraining
the armour grains. A paved surface, however, is
more stable and is markedly coarser than the
substrate. Whereas an armour layer is character-
istic of an equilibrium channel in heterogeneous
sediment, a paved layer often occurs in a chan-
nel experiencing degradation, and arises
because of scour and removal of a substantial
thickness of bed material such that the coarsest
component is left as a lag deposit. The immobil-
ity of a paved surface is often indicated by dis-
coloration and staining of the component
grains; the occasional transport of armour grains

keeps them clean. KSR
Reading
Gomez, B. 1984: Typology of segregated (armoured

paved) surfaces: some comments. Earth surface processes
and landforms 9, pp. 19-24.

arroyo A trench with a roughly rectangular
cross-section excavated in valley-bottom allu-
vium with a through-flowing stream channel
on the floor of the trench (Graf 1983). Although
the term gully is used for similar features, a gully
1s V-shaped in cross-section instead of rectangu-
lar and is excavated in colluvium instead of allu-
vial fill. The term arroyo in the sense of a stream
bed has been used in Spanish since at least the
year 775, but its modern use in English physical
geography dates from the exploration and sur-
vey of the American West in the 1860s. Dodge
(1902) first used the term in geomorphological
research, indentifying arroyos as the product of
stream-channel entrenchment resulting from
changes in climate and land use that caused
increased run-off. WLG

Reading and References

Cooke, R.U. and Reeves, R'W. 1976: Arroyos and envir-
onmental change in the American South-West. Oxford: Clar-
endon Press. - Dodge, R.E. 1902: Arroyo formation.
Science 15, p. 746. - Graf, W.L. 1983: The arroyo problem
- paleohydrology and paleohydraulics in the short term.
In K.J. Gregory ed., Background 1o palacohydrology. Chi-
chester: Wiley.
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artesian A term referring to water existing
under hydrostatic pressure in a confined aquifer.
The water level in a borehole penetrating an
artesian aquifer will usually rise well above the
upper boundary of the water-bearing rocks and
may even flow out of the borehole at the surface,
in which case it is known as a flowing artesian
well.

Water moves in artesian aquifers as a result of
differences in fluid potential (see EQUIPOTEN-
TIALS), water moving towards areas of lower
HYDRAULIC HEAD. Natural outflow points are
artesian springs, where water boils up under
pressure. As a consequence, the surface of an
artesian spring is usually domed upwards. Arte-
sian waters are often highly mineralized as a
result of a long residence time underground.
Hence artesian springs may sometimes build
mounds of chemical precipitates deposited
from emerging GROUNDWATER, especially if they
are located in a tropical arid environment where
evaporation is great. PWW

artificial recharge See RECHARGE.

aspect The orientation of the face of a SLOPE.
Aspect is an important control on slope MICRO-
CLIMATE. In the northern hemisphere, for exam-
ple, south facing slopes receive more solar
radiation than north facing slopes. Therefore,
south facing slopes tend to be hotter and drier,
support different vegetation assemblages, and
develop different soils. This is one cause of val-
ley asymmetry. Aspect may also be a control
on precipitation. In the mid-latitudes of the
northern hemisphere, west facing slopes tend

to recelve more precipitation than east
facing slopes, because the latter are in a RAIN
SHADOW, DJs

Reading
Birkeland, P.W. 1999: Soils and geomorphology. 3rd edn.
New York: Oxford University Press.

association, plant Basic unit of classification
of plant COMMUNITY in which dominant or
typically co-occurring species are used as
the defining characteristic. For example, the
temperate deciduous forests of large areas of
the Appalachians of eastern North America are
characterized by an association, in this instance
co-dominance, of oak and chestnut. The
approach has been especially widely applied in
Europe, where the BRAUN~-BLANQUET SCALE sys-
tem has been used to classify common plant
associations at a range of spatial scales, although
in North America the term is more generally
applied to large scale vegetation formations
regarded as CLIMAX VEGETATION.
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In essence, the concept of a plant association
derives from the ecologist’s desire to account for
and, in so doing, classify the relationships
between different plant species, i.e. PHYTOSO-
CIOLOGY, and to explain their spatial distribu-
tion within the environment. It is, of course,
impossible to represent accurately the complex
totality of plant distributions, so there exists the
need to simplify the situation by identifying par-
ticularly conspicuous and commonly recurring
species assemblages. Fundamentally, this is a
floristic approach to community classification
which attempts to compensate for the fact that,
while the full species complement of commun-
ities better expresses their relationships to each
other, some species provide a more sensitive
expression of these relationships, i.e. they typify
a particular set of habitat conditions. The
approach, therefore, secks to identify patterns
and emphasizes certain diagnostic species as
indicators of given environments or relation-
ships. Two kinds of diagnostic species may be
identified within an association, namely: charac-
ter species, which are centred upon, or have their
dominant areas of distribution within, a particu~
lar association, as against their absence from
other associations; differential species are present
in one association but absent from most or all
other associations (although they need not be
centred upon the association which they define).
This is illustrated in the figure, which shows
how nine different plant species form associa-

tions along an environmental gradient, in this
instance of moisture. Species 1 and 3 are char-
acter species for association B and, indeed, have
their populations centred within that associa-
tion. Species 4, on the other hand, while having
its distribution centred in association A, is a
differential species for sub-association Ba, and
distinguishes the ‘moist” group of species within
association B as a whole. In this way, classifica-
tion is a form of gradient analysis, since the
pattern of plant associations is seen to mirror
that of gradients in environmental characteris-
tics.

When more strictly applied (following a
Braun-Blanquet cover survey, for example) the
approach is also a hierarchical one that parallels
that used for a taxonomic classification of indi-
vidual organisms. In order to arrange distribu-
tion and plant cover data in the form of a
hierarchy, vegetation samples (recorded for,
say, a series of 10 m x 10 m sample plots) are
compiled in a table in such a way that species
occurring together are grouped, revealing the
associations. The hierarchy is then produced
by further grouping into higher units (also
defined by character species) respectively
termed alliance, order, class and division. It
becomes possible to use the various hierarchical
levels as mapping units which are surrogate
measures of environmental characteristics such
as soil moisture or fertility, and in the process
aid land use planning. It is worth bearing in
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Diagrammatic representation of the distribution of six hypothetical plant species along a moisture gradient and the
manner in which such distributions form associations. For further explanation, see text.
Source: From R.H. Whittaker 1975: Communities and ecosystems. 2nd edn and originating in Westhoff and van der

Maarel 1973: Handbook of vegetarion science 5.
30



mind, however, that such classifications remain
fundamentally human constructions, that is sim-
plifications, of reality and that associations are
really just convenient arbitrary units that only
approximate the individuality of species and
community composition. The observation that
a particular association appears to parallel an
environmental factor does not prove that the
factor is functionally important. As pointed out
by the American ecologist Robert Whittaker,
classification is justified by usefulness, not neces-
sarily by theory. Studies of the Quaternary
palaeoecology of plant communities have also
revealed that associations of particular species
may be temporary and transient over time,
dependent on the complex interplay between
type and rate of climate change, availability of
suitable habitat and dispersal capabilities of the
species involved (see Bennett 1998). MEM

Reading and Reference

Begon, M., Harper, J.L. and Townsend, C.R. 1995:
Ecology: individuals, populations, communiries. 3rd edn.
Oxford: Blackwell Science. Pp. 679-92. - Bennett, K.
1998: Evolution and ecology: the pace of life. Cambridge:
Cambridge University Press. - Whittaker, R.H. 1975:
Communities and ecosystems. 2nd edn. New York: Mac-
millan.

asthenosphere A zone within the earth’s
upper MANTLE, extending from 50 to 300 km
from the surface to a depth of around 700 km,
characterized by a lower mechanical strength
and lower resistance to deformation than the
regions above and below it. It is approximately,
though not exactly, equivalent to the zone in
the mantle which transmits seismic waves at a
low velocity, due to its partially melted state.
In the pPLATE TECTONICS model the astheno-
sphere 1s regarded as the deformable zone
over which the relatively rigid LITHOSPHERE
moves. MAS

Reading

Davies, P.A. and Runcorn, S.K. eds 1980: Mechanisms of
continental drift and plate tectomics. London: Academic
Press. - Morner, N.-A. ed. 1980: Earth rheology, isostasy
and eustasy. Chichester: Wiley. - Wyllie, P.J. 1976: The
earth’s mantle. In J.T. Wilson ed., Continents adrift and
continents aground. San Francisco: W.H. Freeman. Pp.
46-57.

astrobleme A term put forward by Dietz
(1961) meaning ‘star wound’ and referring to
the erosional remnant or scar of a structure of
extra-terrestrial origin produced before the Plio-
cene by the impact of a meteorite on the earth’s
surface. ASG

Reading
Dierz, R.S. 1961: Astroblemes. Scientific American 205,
pp. 51-8.

ATMOSPHERE

asymmetric valley A river valley or glacial
valley of which one side is inclined in a different
angle to the other. Such valleys are a feature of
periglacial areas where differences in aspect
cause considerable differences in the strength
of frost weathering and solifluction, but they
can also be caused by structural circumstances
(see UNICLINAL SHIFTING). ASG

Reading
Churchill, R.R. 1982: Aspect-induced differences in hill-
slope processes. Earth surface processes and landforms 7, pp.
171-82.

asymmetrical fold A fold in geological strata
which has one side dipping more steeply than
the other.

Atlantic coastlines Coastlines where the
trend of the mountain ranges is at right angles
or oblique to the coastline (e.g. south-west Ire-
land), whereas the Pacific (or concordant) type
of coastline is parallel to the general trend-lines
of relief (e.g. the Adriatic coast of former Yugo-
slavia). ASG

atmometer An instrument for measuring the
rate of evaporation.

atmosphere The gaseous envelope of air sur-
rounding the earth and bound to it by gravita-
tional attraction. Up to a height of about 80 km
the relative proportions of the major constituent
gases (apart from water vapour) are more or less
constant, as given in the table. The percentage
volume of water vapour varies between less than
1 per cent and more than 3 per cent. Only
carbon dioxide, ozone and water vapour vary
locally in concentration. The atmosphere has
been divided into vertical regions based on
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Average temperature structure of the atmosphere from 0
to 120 km.

Source: Meteorological glossary. 1972.
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ATMOSPHERIC COMPOSITION

temperature as shown in the diagram. The
atmosphere also contains natural pollutants in
the form of AEROSOLS, dust and smoke from
volcanoes, forest fires, soil erosion etc., and
man-made pollutants such as sulphur dioxide,
smoke, nitrogen dioxide, nitric oxide, ozone,
lead and carbon monoxide. JET

atmospheric composition A unit mass of
dry air is made up of 75.5 per cent nitrogen
(N3), 23.2 per cent oxygen (O;), 1.3 per cent
argon (A), 0.01 per cent carbon dioxide (CO;)
and smaller proportions of gases such as
neon and helium. At a height of about 100 km
molecular diffusion becomes comparable with
mixing due to air motion and the light gases
tend to float upwards. Also at these heights
diatomic molecules (specially O,) become split
into their atomic components. Atmospheric air
contains water vapour from about 4 per cent by
mass at temperatures of 30 °C such as found in
the tropics to 1 per cent at temperatures of 0°C
such as found in subpolar latitudes and in the
middle TROPOSPHERE. Many molecules are spec-
tacularly peculiar. Water has a large latent heat
and changes state readily, consequently it plays
a major role as a store of latent energy. Its high
solvency encourages chemical reactions in the
sea and in living matter. Carbon dioxide dis-
solves readily in sea water where it can be uti-
lized by living matter ultimately to form
carboniferous rocks. Otherwise it would clog
up wavelengths through which terrestrial RaDIA-
TION escapes to space and lead to a hot ‘run
away GREENHOUSE’ atmosphere like that of
Venus. Ozone (at 0.0001 per cent by mass)
removes virtually all solar radiation with wave-
length less than 0.3 ym which would otherwise

destroy living matter. JSAG
Composition of dry air

Molecular Volume  Weight

weight (%) (%)

(12C

= 12.000)
Dry air 28.966 100.0 100.0
Nitrogen 28.013 78.09 75.54
Oxygen 31.999  20.95 23.14
Argon 39.948 0.93 1.27
Carbon dioxide 44.010 0.03 0.05
Neon 20.183 0.0018 0.0012
Helium 4,003 52x10% 72x107°
Krypton 83.800 1.0x10"% 3.0x 107
Hydrogen 2016 50x10° 4.0x10"®
Xenon 131.300 80x10° 36x 107
Ozone 47,998 1.0x10°% 1.7x10°®

Source: Meteorological Glossary 1972. London: HMSO.
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Reading
Goody, R.M. and Walker, J.C.G. 1972: Atmospheres. Eng-
lewood Cliffs, NJ: Prentice-Hall.

atmospheric  energetics Concerns  the
energy content of the atmosphere and how it is
changed from one form to another. Almost all
energy is heat, latent heat and POTENTIAL
ENERGY. THERMODYNAMIC DIAGRAMS relate
these. A small fraction of the total of sensible,
latent and potential energy (known as available
potential energy) can be converted into the
KINETIC ENERGY of the WIND. JSAG

Reading

Lorenz, EN. 1967: The nature and theory of the general
cireulation of the atmosphere. Geneva: World Meteorologi-
cal Organization.

atmospheric instability In general a system
is unstable if an introduced disturbance
increases in magnitude through time. Con-
versely the system is stable if the introduced
disturbance is damped out through time. In
the atmosphere this idea is applied at two main
scales: cyclone-scale and cloud-scale.
Cyclone-scale instability is exemplified by the
growth of cyclones within the extratropical wes-
terlies. They are a manifestation of baroclinic
instability. Cloud-scale instability results in ver-
tical displacement of air parcels in an atmo-
sphere initially in hydrostatic equilibrium.
Cumulus clouds frequently result from this
type of instability. (See also VERTICAL STABIL-
ITY/INSTABILITY.) BWA

Reading

Atkinson, B.W. 1972: The atmosphere. In D.Q. Bowen
ed., A concise physical geography. Amersham: Hulton
Educational. Esp. pp. 45-9. - —1981: Atmospheric
waves. In B.W. Atkinson ed., Dynamical meteorology:
an introductory selection. london and New York:
Methuen. - Barry, R.G. and Chorley, R.J. 1992: Amo-
sphere, weather and climate. 6th edn. London and New
York: Routledge.

atmosphericlayers These are principally the
TROPOSPHERE {(or overturning layer) 0-10km
above the earth’s surface, the STRATOSPHERE {or
layer of constant temperature) 10-25km, the
ozonosphere (warmed through photochemistry
involving oxygen) 25-60km, the MESOSPHERE
(some similarity with troposphere) 60-100 km
and between 100 and 500 km the thermosphere
(molecular conductivity balancing energy
input), the IONOSPHERE (electrical charge on
particles significant) and the exosphere (mole-
cules liable to escape into orbit). Similar layers
occur at similar values of the pressure (which is
related to height) in atmospheres of other pla-
nets. Near the ground, there is a hierarchy of



boundary layers: convective (containing the
active regions of cumulus-scale motion) about
1 km deep, mechanical or Ekman (mixing due
to mechanical stirring) about 300 m deep, loga-
rithmic or constant flux about 10 m deep, and
finally an unnamed layer penetrated by material
objects such as trees, grass and waves, that inter-
fere with the flow of air and transfer momen-
tum, heat, moisture, salt, pollen, etc. into the
atmosphere. JSAG

Reading

Goody, R M. and Walker, J.C.G. 1972: Anmospheres. Eng-
lewood Cliffs, NJ: Prentice-Hall. - MclIntosh, D.H. and
Thom, A.S. 1969: Essentials of meteovology. London:
Wykeham Publications.

atmospheric waves An abstraction conveni-
ent for describing some phenomena closely
related to the physical processes responsible for
propagating characteristics through the atmo-
sphere.

Elastic waves

Propagate at the speed of sound (330 ms™!) and
transmit pressure pulses. They are usually of
tiny amplitude but represent the practical limit-
ing signal velocity (playing a role like that of the
speed of light in classical physics).

Gravity (-inertial) waves

Represent the action of restoring forces (graviry
and Coriolis) acting because the atmosphere is
stably stratified. They are analogous to the
waves on the interface between two immiscible
liquids when the lower is slightly denser than the
upper. Short waves (gravity waves) have a char-
acteristic period of about 600 s which is evident
in many natural phenomena such as LEE WAVES
and overshoot of cumulus tops. Very long waves
(gravity-inertia waves) are dominated by Corio-
lis accelerations (GEOSTROPHIC WIND) with an
upper bound to the duration of the period of
27/Coriolis parameter (~12h); they are exem-
plified by cloud bands caused by mountain
chains.

Cyclone waves

Eddies in the western circumpolar flow around a
hemisphere with horizontal dimensions of at
most a few thousand kilometres. Although fre-
quently quasi-circular in plan view, vertical
cross-sections reveal wave forms in the tempera-
ture and pressure distribution. These waves,
known also as baroclinic waves, lie within and
are inextricably linked to ROSSBY WAVES,

Rossby waves

These are very large (both wavelength and
amplitude of several thousand kilometres) per-
turbations in the extra-tropical high atmo-
sphere. They are usually two to six in number,

ATTERBERG LIMITS

encircle the globe from west to east in each
hemisphere, contain the jet streams and are
vital to the formation of extratropical cyclones
and anti-cyclones and hence extra-tropical cli-
mate. JSAG

Reading

Atkinson, B.W. 1981: Atmospheric waves. In B.W. Atkin-
son ed., Dynamical meteorology: an introductory selection.
London and New York: Methuen. Pp. 110-15. - Eliassen,
A. and Kleinschmidt, . 1957: Dynamic meteorology. In
S. Fligge ed., Encvclopedia of physics. Berlin: Springer-
Verlag. Vol. 48, pp. 1--154.

atoll An annular form of CORAL ALGAL REEF
consisting of an irregular elliptical reef, often
breached by channels, around a central lagoon.
There are over 400 atolls recorded in the world,
most of which are found in tropical waters of the
Indo-Pacific. Arolls vary greatly in size and
shape, as well as in the depth of the central
lagoon. The largest atoll is Kwajalein in the
Marshall Islands (120 x 32km). As with all
coral algal reefs, atolls are sensitive to fluctua-
tions in relative sea level. Some atolls, for exam-
ple Aldabra Atoll in the Seychelles archipelago,
are now elevated by a few metres above present
sea level; others have become drowned as their
growth has failed to keep pace with changing sea
level (e.g. Saya de Malha, Indian Ocean). Low,
sandy islands (called cays) may form on the reef
rim of atolls. Micro-atolls are rounded forms
found often on reef flats, usually single colonies
of massive corals less than 6 m in diameter with
a flat or concave upper surface devoid of living
coral. They grow preferentially where water is
ponded at low tide. HAV

Reading

Guilcher, A. 1988: Coral reef geomorphology. Chichester:
Wiley. - Woodroffe, C.DD. and MclLean, R. 1990: Micro-
atolls and recent sea level change on coral reefs. Narure
244, pp. 531-4.

atterberg limits The results of tests (Index
Tests) which, arbitrarily defined, show the prop-
erties of soils which have COHESION in that they
represent changes, in state or water content,
from solid to plastic to liquid materials. The
Plastic Limit (PL) is the minimum moisture con-
tent at which the soil can be rolled into a thread
3 mm in diameter without breaking. The Liquid
Limit (LL) is the minimum moisture content at
which the soil can flow under its own weight.
These are the ones most commonly used, but
the Shrinkage Limit (SL) is the moisture content
at which further loss of moisture does not further
decrease the volume of the sample. The PL and
LL are often combined to give the Plasticity
Index (PI) from PI = LL—PL and the Liquidity
Index (LI) from LI = (100m-PL)/(LL-PL),
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where m is the natural moisture content of the
soil. A chart of PI as ordinate, plotted against LL,
is often used for comparing different types of soil
and for classifying them. WBW

Reading

Mitchell, J.K. 1976: Fundamentals of soil behaviour. New
York: Wiley. - Whalley, W.B. 1976: Properiies of materials
and geomorphological explanation. Oxford: Oxford Univer-
sity Press.

aufeis See 1cING.

auge A hot, dry wind which blows from the
south of France to the Bay of Biscay.

aulacogens can be thought of as a continen-
tal rifting system in which seafloor spreading
proceeded for a while and then ceased. Such
‘aborted pull-aparts’ most commonly occur at
places in continental lithosphere where three
directions of sea-floor spreading are tending to
occur at the same time. The common occur-
rence is for two of these directions to become
predominant and for the third axis to become an
aulacogen. ASG

Reading

Dewey, J.F, and Burke, K. 1974: Hot spots and continen-
tal break-up: implications for collisional orogeny. Geology
2, pp. 57-60.

aureole, metamorphic The zone of meta-
morphosed rock adjacent to an intrusion of
igneous rock.

aurora borealis The ‘Northern Lights’.
Flashing white and coloured luminescence in
the ionized layers of the ecarth’s atmosphere
about 400km above the poles. The result of
solar particles being trapped in the earth’s mag-
netic field. The term ‘aurora australis’ has been
applied to the phenomenon in the southern
hemisphere.

autecology The EcoLoGy of individual
organisms and of particular species. Originally
used for the study of relationships between a
single organism and its environment, the term
is now equally widely used for the study of rela-
tionships between plants or animals of the same
species, particularly species populations, and
their environments (population ecology). Aute-
cology provides the fundamental basis for
understanding the distribution of organisms
and their behaviour in communities, and
involves the ecology of organisms at different
stages of their life histories together with the
environmental controls on germination, estab-
lishment, growth, reproduction, dispersal and
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survival. Modern autecology is an experimental
science with important branches developed to
physiological processes (physiological ecology)
and genetics (evolutionary ecology). (See also
SYNECOLOGY.) JAM

Reading

Bannister, P. 1976: Introduction to physiological plant ecol-
ogy. Oxford and New York: Blackwell Scientific and
Halsted-Wiley. . Daubenmire, R.F. 1974: Plants and
enwvironment: a textbook of plant autecology. New York and
London: Wiley. - Macfadyen, A. 1963: Animal ecologv:
aims and methods. London and New York: Pitman. -
Pianka, E.R. 1974: Ewvolutionary ecology. New York and
London: Harper & Row. - Vernberg, F.J. and Vernberg,
W. 1970: The animal and the environment. New York and
London: Holt Rinehart & Winston.

autochthonous Matter which is formed or
accumulates within a defined space (such as a
lake or catchment) and which has not been sub-
ject to transport. The term is most frequently
applied to sediments and, for example in the
case of EVAPORITES, refers to the fact they accu-
mulate i sitw from substances available in the
immediate locality. In aquatic communities, the
autochthonous input of organic matter is that
which is derived from photosynthesis of the
locally occurring plants, either the benthic AQuA-
TIC MACROPHYTES and ALGAE associated with the
shallower water nearer the shoreline or the
planktonic, mainly algal, flora of the open
water. A substantial proportion of the organic
matter accumulation in such situations is
derived, however, from dead material formed
outside the lake and transported into the system
either by runoff or wind. This is known as
allochthonous organic matter or sediment and
its relative proportion depends on the dimen-
sions of the water body and the kinds of terres-
trial community associated with its catchment
area. Some communities consist almost entirely
of autochthonous material, for example the
nutrient-deficient and mainly organic sediments
of raised bogs (OMBROTROPHIC mires) are derived
almost entirely from local sources because the
level of the surface is such that inputs via runoff
are not possible. Generally, the relative propor-
tions of autochthonous to allochthonous mate-
rial in a catchment increases downstream. The
open ocean, for example, derives the majority of
its organic and inorganic sediments from auto-
chthonous sources. In tectonics, the term ‘auto-
chthonous’ is used to describe rock formations in
Alpine structures which have not been displaced
by major thrusting, although they have been
folded and faulted. MEM

autocorrelation The property of persistence
in sequences of values measured over time or



space. It is usually measured by comparing each
value in the sequence either with its immediately

fixed previous time or distance (lag > 1). For a
sequence xj ...x,...xy the comparisons for lag
r(<= N) are between the (N — r) pairs x,, and
X(n-r) @s n ranges from r + 1 to N. The pairs of
values are then used to calculate a correlation
coefficient which measures the degree of depen-
dence for the given lag. The correlation coeffi-
cient is calculated as for a normal least-squares
correlation, although in this context it is called
the coefficient of autocorrelation. A correlogram
may then be constructed in which the successive
values of the coefficient for different lags is
plotted against the lag. Comparison between
correlograms for different types of sequence
gives some idea of the type of persistence pre-
sent, if any (for lag zero the coefficient is neces-
sarily 1.0). A sequence of independent values
clearly shows zero coefficients — that is, no auto-
correlation. A simple Markov chain of values
shows an exponential decline in the coefficients.
For a sequence with a linear trend, the coeffi-
cient varies about a constant value; while for a
regular wave form the coefficient also varies reg-
ularly over a range of positive and negative
values. Linear or harmonic trends should be
removed from a sequence to see whether other
sources of persistence are present. Many if not
most time and space sequences show some
degree of autocorrelation, so care must be exer-
cised in obtaining valid independent samples or
applying parametric statistical tests. MJK

autogenicstream A stream whose flow is sus-
tained by a continuously positive water balance
along its course. Most perennial streams of
humid areas are of this kind. The distinction is
made between these streams and ALLOGENIC
STREAMS which, for part or perhaps most of their
course, traverse areas of negative water balance,
and which are instead sustained by a water source
in wetter headwaters. Derivation: terms from the
Greek auros (self) and allos (other). Examples of
the latter include the Darling River system in
Australia and the lower Nile in Egypt. DLD

autogenic succession The process of com-
munity change (SUCCESSION) caused by the reac-
tion of organisms, particularly plants, on their
own environment. By the reaction mechanisms,
organisms may so change their environment that
other species are given a competitive advantage.
The original organisms are eventually replaced,
having brought about their own destruction.
A.G. Tansley first used the term in the context
of vegetation to distinguish this classic mechan-
ism of succession from ALLOGENIC SUCCESSION,

AUTOVARIATION

which results from the action of external envir-
onmental factors independent of the organisms
themselves. Consider, for example, a vegetation
change in response to a change in soil pH. If this
was caused by the m situ accumulation of acidic
plant litter the succession would be autogenic,
but if the cause was prolonged leaching due to
heavy rainfall the succession would be allogenic.
In reality the two concepts may be difficult, if not
impossible, to separate. (See also COMPETITION;
ECOSYSTEM.) JAM

Reading and References

Botkin, D.B. 1981: Causality and succession. In D.C,
West, FI.LH. Shugart and D.B. Botkin eds, Forest succes-
sion: concepts and applications. New York and Heidelberg:
Springer. Pp. 36-55. - Connell, J.H. and Slatyer, R.O.
1977: Mechanisms of succession in natural communities
and their role in community stability and organisation.
American naruralist 111, pp. 1119-44. - Tansley, A.G.
1935: The use and abuse of vegetational concepts and
terms. Ecology 16, pp. 284-307.

autotrophic A descriptive term for those
organisms which synthesize (usually, but not
exclusively, through PHOTOSYNTHESIS) organic
substances from simple inorganic source materi-
als. Autotrophs are exemplified by the primary
producer green plants in the assimilation of inor-
ganic carbon dioxide and water into organic car-
bohydrates using solar radiation as the energy
source to drive the process. By comparison HET-
EROTROPHS, consumers, must rely on organic
molecules already synthesized. Autotrophs can
be divided into two groups. Photoautotrophs are
photosynthesizing and contain chlorophyll, the
catalyst that facilitates the entrapment of energy
from sunlight. Chemoautotrophs, mostly bac-
teria, are organisms in which energy is obtained
from the oxidation of inorganic compounds zith-
out the use of light. Among the more remarkable
of these organisms are the bacteria found in great
concentrations in the ocean depths feeding, lit-
erally, on the hydrogen sulphide thrown out by
hot volcanic vents. It has now been realized that
there is a very substantial bacterial BIOMASS
within the earth’s crust as a whole, somewhat
humorously accorded the acronym SLIME (sub-
surface lithoautotrophic microbial ecosystems)
by Stevens and McKinley (1995). An auto-
trophic bacterial flora may well dominate the
earth’s biomass, and yet its existence was
unheard of until the 1960s. MEM

Reference
Stevens, T.O. and McKinley, J.P. 1995: Lithoautotrophic
microbial ecosystems in deep basalt aquifers. Science 270,
pp. 450-4.

autovariation This term applied to the
earth’s environmental system has been invoked
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AVALANCHE

in some theories attempting to explain the
causes of global CLIMATE CHANGE. As Goudie
(1992, p. 272) notes ‘there has been a variety
of hypotheses in which it is envisaged that the
atmosphere possesses a degree of internal
instability which might furnish a built in
mechanism of change’. Theories that suggest
that positive feedback (see SYSTEMS) exist to
influence global climate include the Ewing—
Donn hypothesis relating to sea ice growth and
albedo hypotheses whereby snowfalls persisting
through the summer months increase albedo

and enhance global cooling. DSGT
Reference
Goudie, A.S. 1992: Environmental change. 3rd edn.

Oxford: Clarendon Press.

avalanche The sudden and rapid movement
of ice, snow, earth or rock down a slope. Ava-
lanches are an obvious and important mechan-
ism of mass wasting in mountainous parts of the
earth; they are also highly significant on subaqu-
eous continental margins and deltas as well as in
extra-terrestrial environments, for example on
Mars. Avalanches occur when the shear stresses
on a potential surface of sliding exceed the shear
strength on the same plane. Failure is sometimes
associated with increased shear stress in response
to slope steepening or loading (for example,
slope undercutting or snow or deltaic sediment
accumulation), to reduced shear strength within
the material (for example, increased PORE WATER
PRESSURE or the growth of weak snow crystals),
and sometimes to a combination of the two,
especially when associated with an external trig-
ger such as an earthquake.

Avalanches are commeonly subdivided
according to the material involved. Snow
avalanches occur in predictable locations in
snowy mountains and create distinctive ground
features as they plunge down the mountain
side (Rapp 1960). Debris avalanches involve the
rapid downslope movement of sediment. On
land they are commonly associated with satu-
rated ground conditions. In subaqueous
environments they reflect sediment overloading.
One large example off the Spanish Sahara
involved 18,000 km? of disturbance (Embley
and Jacobi 1977). Rock avalanches are very
rapid downslope movements of bedrock
which become shattered during movement.
These avalanches sometimes achieve velocities
as high as 400 km per hour owing to the presence
of trapped interstitial air; they can travel tens
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of kilometres from their source, sometimes with
devastating effects on human life. DES

Reading and References

Clapperton, C.M. and Hamilton, P. 1971: Peru beneath its
eternal threat: analysis of a major catastrophe. Geographical
magazine 43.9, pp. 632-9. (Huascaran rock avalanche.) -
Embley, R'W. and Jacobi, R.D. 1977: Distribution and
morphology oflarge submarine sediment slides and stumps
on Atlantic continental margins. Marine geotechnology 2,
pp. 205-28. - Nicoletti, P.G. and Sorriso-Valvo, M. 1991:
Geomorphic controls of the shape and mobility of rock
avalanches. Bulletin of the Geological Society of Awmerica
103, pp. 1365-73. - Perla, R.1. and Martinelli, M. 1976:
Avalanche handbook. Agriculture handbook 489, (Snow).
US Department of Agriculture, Forest Service. - Rapp, A.
1960: Recent development of mountain slopes in Karke-
viigge and surroundings, northern Scandinavia. Geogra-
fiska annaler 42A, pp. 71-200. - Williams, G.P. and Guy,
H.P. 1971: Debris avalanches — a geomorphic hazard. In
D.R. Coates ed., Environmental geomorphology. Bingham-
ton: State University of New York.

avalanche tarns Small water-filled depres-
sions produced by repeated avalanche impact.

Reading
Fitzharris, B.B. and Owens, I.F. 1984: Avalanche tarns.
Journal of glaciology 30, pp. 308-12.

aven A vertical passage or shaft which con-
nects a cave with the surface or overlying cham-
bers and passages.

avulsion The diversion of a river channel to a
new course at a lower elevation on its floodplain
as a result of floodplain aggradation. It causes
established meander belts to become aban-
doned and new ones to form.

Reading
Smith, N.D., Cross, T.A., Dufficy, J.P. and Clough,
S.R. 1989: Anatomy of an avulsion. Seduvmentology 36,
pp. 1-23.

azimuth The arc of the sky extending from
the zenith to the point of the horizon where it
intersects at 90°.

azoic Without life. Pertaining to the period of
earth history before organic life evolved or to
portions of the seas and oceans where organisms
€annot exist.

azotobacter The principal nitrogen-fixing
bacteria. An aerobic bacteria which obtains
energy from carbohydrates in the soil zone k.
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backing wind See wiND.

backshore The backshore of the coastal zone
lies between the highest point reached by marine
action and the normal high-tide level. On a low
coast, the backshore zone is often in the form of a
berm, above the normal reach of the tide. The
berm often slopes gently landwards. On shingle
BEACHES, the berm crest can attain 13 m above
normal high-tide level, as on Chesil Beach, Dor-
set. On sandy coasts, foredunes may form in the
backshore zone and washover fans are associated
with barrier island backshore zones. On a steep
coast, the backshore is that part of the platform
and cliff foot affected by waves under storm con-
ditions. A wave-cut notch is a common feature.
CAMK

Reading
Davies, J.1.. 1980: Geographical variation in coastal devel-
opment. 2nd edn. London: Longman.

backswamp Low-lying marshy or swampy
area on a FLOODPLAIN where overbank flood or
tributary drainage water may become ponded
between river levées and valley sides or other
relatively elevated alluvial sediments. Such areas
can be extensive where levées are well-developed
and where near-channel deposits are aggrading.
In settled areas such environments may be artifi-
cially drained leaving fine-grained soils which can
be rich in organic materials and which may have
characteristics developed under water-logged
conditions. JL

backwall The arcuate cliffed head of a cirque
basin or a landslide.

backwash The return flow of water down a
BEACH after a wave has broken. It is the return to
the sea of the swash or uprush of the wave. It
plays an important part in determining the gra-
dient of the swash slope in association with the
size of the beach material. On a coarse pebble
beach the backwash is reduced in volume
through percolation, so that a steeper slope is
necessary to maintain equilibrium between
swash and backwash. On a fine sand or wet
beach the backwash is a large proportion of the
swash, so a flat beach can remain in equilibrium.
Rhomboid ripple marks are sometimes formed
by backwash. long waves and steep waves
enhance the backwash and are associated with
flarter swash slope gradients. CAMK

Reading

Demarest, D.E. 1947: Rhomboid ripples marks and their
relationship to beach slope. Journal of sedimentary petrology
17, pp. 18-22.

backwearing The parallel retreat of a slope
without a change in overall form or inclination.
The term may be applied to escarpments and to
side slopes: it is commonly used to contrast with
down-wearing of a slope in which material is lost
from the upper segments of the slope with con-
sequent decreases in inclination. Parallel retreat
implies that the resistance of rock and soil of the
slope is constant into the hill which is being
eroded, or that resistance does not control the
slope form. MJS

badlands are generally regarded as the arche-
typal example of the effects of vigorous water
EROSION, badlands can resemble miniature
desert landscapes with weirdly shaped HOO-
DOOS, barren steep and rounded slopes scarred
by RILLS and GULLIES, and a maze of winding
channels. The name likely derives from the early
French explorers’ expression mauvaises terres a
traverser (meaning bad lands to cross) for such
terrain in North America’s western plains.
While usually associated with dryland areas,
badlands can form wherever weak, unconsolid-
ated materials are exposed to periodic high
intensity rainfall and rapid RUN-OFF. Badlands
have formed on marine silts in Canada’s high
arctic and on deeply WEATHERED granites and
basaltic ravA flows in the humid tropics: they
occur either naturally on weak mudstones and
poorly cemented sandstones, or on industrial
spoilheaps and unwisely used agricultural land.
The rapidity of erosion, which can remove sev-
eral millimetres of surface material in a single
storm, coupled with the often infertile character
of the material, inhibits plant growth, leaving
the surface unprotected against heavy rains and
thereby encouraging faster rates of water ero-
sion. Badlands materials which contain swelling
CLAY minerals develop DESICCATION cracks
allowing percolation of water which generates
subsurface flow to create an often complex net-
work of PIPES, tunnels, and sinkholes formed by
collapse. Some of these features resemble those
found in limestone (KARST) areas but whereas
limestone caves etc. form by chemical SOLUTION
processes, in badlands they are the result of
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water erosion and are called PSEUDOKARST fea-
tures to distinguish them from true karst land-
forms. IC

Reading

Bryan, R.B. and Yair, A., eds 1982: Badland geomorpho-
logy and piping. Norwich: Geo Books. - Campbell, LA,
1997: Badlands and badland gullies. In D.S.G. Thomas
ed., Arid zone geomorphology. Chichester: Wiley. Pp. 261~
91. - Howard, A.ID. 1994: Badlands. In A.D. Abrahams
and A.]. Parsons eds, Geomorphology of arid environments.
London: Chapman and Hall. Pp. 213-42.

bajada Confluent alluvial and pediment fans
at the foot of mountain and hill slopes encircling
desert basins.

ball lightning See LIGHTNING.

bank erosion Removal of material from the
side of a river channel. This may be accomp-
lished by several processes: particle by particle
removal following surface wash, frost heave,
groundwater sapping and the dislodgement
and fall of material and the subsequent entrain-
ment of particles by flowing water; abrasion by
transported ice; and mass failure of the bank.
Bank erosion is usually associated with high
flows, but may be at a maximum as water levels
fall after a high-flow period and the lateral sup-
port provided by the deep water and the apron
of previously slumped material are removed.
Rates of erosion depend on prior conditions
affecting bank strength, and in particular water
content, which may vary seasonally. Bankside
vegetation and root systems are also an import-
ant control on bank stability.

In detail bank erosion forms also reflect bank
composition. In coarser materials erosion may
be by particle entrainment with steep banks that
have talus slopes at the base as long as such
material is not picked up by the flowing water.
In cohesive sediment bank failure may be in the
form of shallow slips. In composite banks, with
an upper cohesive fine layer above coarser ma-
terials, the process may be by removal of the
underlying material accompanied by periodic
collapse of overhanging ‘cantilevers’ of fine
bank-top material. Until they are broken up
and disaggregated, collapsed blocks may tem-
porarily protect the bank base especially where
given additional strength by vegetation and a
root mat.

Bank erosion rates are highest where flow in
river channels is asymmetric, as on the outer
bank of meander bends. The exact location of
such points may be a determinant in evolving
channel patterns. For example, if located down-
stream of the bend apex, a meander loop may
tend to translate downvalley rather than expand
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laterally. High rates of bank erosion may also
relate to flow diverted by BARS in the channel,
and the fact that non-cohesive banks may erode
relatively rapidly may, among other factors, pro-
mote the formation of braided channel patterns

(see BRAIDED RIVER). JL
Reading
Richards, K. 1982: Riwers. London and New York:

Methuen. - Schumm, S.A. 1977: The fluvial system. New
York: Wiley.

bank storage Water retained in permeable
channel-side deposits as soil and ground water.
Drainage of such water by effluent seepage may
contribute to the maintenance of river flows at
low water, while under dry conditions there may
be a downstream decrease in river discharge
because of percolation into bank storage. This
is particularly important in semi-arid environ-
ments, in allogenic streams, and on regulated
rivers where low flow discharges are augmented
by reservoir releases. A loss in the volume of
water transmitted downstream has to be allowed
for because of the bank storage factor. JL

bankfull discharge The river discharge
which exactly fills the river channel to the bank-
full level without spilling on to the floodplain,
and which depends upon the definition of cCHAN-
NEL CAPACITY. Bankfull discharge has often been
assumed to be a significant or critical channel-
forming flow which is important in determining
the size and shape of the river channel and it has
therefore sometimes been regarded as equival-
ent to DOMINANT DISCHARGE. The frequency of
occurrence of bankfull discharge varies consid-
erably and has been quoted as ranging from 4
months to 5 years in Scotland, 1.3 to 14 years in
lowland England and 1 to 30 years in twenty-
eight basins in the western USA but care should
be taken in quoting such recurrence intervals
because at least sixteen different methods are
available (Williams 1978) to calculate bankfull
discharge. KJG

Reading and References

Nixon, M. 1959: A study of bankfull discharges of the
rivers of England and Wales. Proceedings of the Instituze of
Cioil Engineers 12, pp. 157-74. - Williams, G.P. 1978:
Bankfull discharge of rivers. Water resources research 14,
pp. 1141-54.

bannercloud Often seen to extend downward
from isolated peaks rather like a flag. The classic
example is that on the Matterhorn. The mechan-
ism of the cloud is not yet understood. BWA

bar, nearshore A longitudinal sediment ridge
developed in or adjacent to the surf zone as a
result of wave action. Nearshore bars may occur



individually, or in sets of up to thirty. Troughs
separate them from the foreshore and from each
other. Where multiple bars are present, their
height and spacing usually increases with dis-
tance offshore. The presence of a nearshore bar
is often associated with the development of a
STORM BEACH, and the form may be ephemeral.
On other coasts, however, bars may be in long
term morphodynamic EQUILIBRIUM (Greenwood
and Davidson-Arnott 1979), changing position
and form only moderately through time.

There are three commonly recognized bar
forms: parallel (to the beach) bars that are linear
to sinuous; crescentic bars that are convex
shoreward; and transverse bars that are attached
to the foreshore. Inter-tidal ridge and runnel
systems are also frequently described as a fourth
type of nearshore bar. Longshore currents are
common in troughs, and RIP CURRENTS are asso-
ciated with transverse bar systems.

The location and geometry of subaqueous
bars is dependent upon complex feedback
between nearshore hydrodynamics, bar mor-
phology, and sediment characteristics. Several
models have been developed for the prediction
of bar behaviour, but none have been found to
be successful for all nearshore environments
(Holman and Sallenger 1993). DJS
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Sedimentation and equilibrium in wave-formed bars.
Canadian journal of earth science 16, pp. 312-32. - Holman,
R.A., and A.H. Sallenger, Jr 1993: Sand bar generation: a
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barchan A crescent-shaped sand dune, in
which the horns point down wind in the direc-
tion of dune migration. Barchans are a type of
TRANSVERSE DUNE that tends to form where
either sand transport rates are high and/or
sand supply is limited, thus they frequently
occur on the margins of sand seas and migrate
over non-sandy surfaces. Barchan dunes are not
necessarily a very common type of dune, but the
frequent simplicity of form has made them the
source of investigations into aeolian sand trans-
port on dune forms. (See DUNE.) DSGT

Reading

Hastenrath, S. 1987. The barchan sanddunes of south
Peru revisited. Zeitschrift fur Geomorphologie NF 31, pp.
167-78. - Howard, A.D., Morton, T.B., Gad-El-Hak, M.
and Pierce, D.B. 1978, Sand transport model of barchan
dune equilibrium, Sedimentology 25, pp. 307-38.

barchanoidridge A type of TRANSVERSE DUNE
that has the appearance of a series of linked
BARCHAN dunes, perpendicular to the resultant
sand transport direction. DSGT

BARRIER ISLAND

baroclinicity A measure of the fractional rate
of change of density in the horizontal. It is also
frequently defined as a state where surfaces of
equal pressure and surfaces of equal density
intersect. In zones of large baroclinicity spontan-
eous generation of new motion systems is likely:
primary depressions (see CYCLONE) in the baro-
clinic zone of middle (30-60°) latitudes, second-
ary depressions in the frontal zones of the
primary depressions, and thunderstorms in the
fronts of the secondary depressions. Large baro-
clinicity also defines the regions of transition
between air masses, a concept which has lost
favour in recent years with the recognition that
these regions are often the result, rather than a
cause, of the air motion in the air masses. JSAG

barometer An instrument for measuring
atmospheric pressure. There are two types: mer-
cury and aneroid. A mercury barometer works
on the principle that atmospheric pressure is
sufficient to support a column of mercury in a
glass tube. As the pressure varies, so does the
height of the column. An aneroid barometer
comprises a series of vacuum chambers with
springs inside to prevent total collapse. Atmo-
spheric pressure changes are recorded by the
compression or expansion of the chambers.
This mechanism is frequently used in the baro-
graph, which is a barometer that gives a graph of
pressure changes through time. BWA

Reading
Meteorological Office 1956: Handbook of meteorological
instruments. Part I Instruments for surface observations. Lon-

don: HMSO.

barranca A steep-sided gully or ravine.

barrier island Barrier islands are elongated,
mainly sandy features parallel to the coast and
separated by a lagoon. They are not attached at
either end, and are often separated by tidal
inlets. Barrier islands make up 10-15 per cent
of all the world coastlines. They normally con-
sist of a berm in front of dune ridges, and are
backed by washover fans and tidal marshes in
the lagoon. They occur worldwide, but are par-
ticularly common in low to middle latitudes
with low to moderate tidal range and swell
wave regimes. They tend to migrate landwards
on coasts where sea level is rising slowly, by
washover under storm conditions. They are
common on gently sloping coasts with wide
shelves and coastal plains. The east coast of
the USA provides good examples. CAMK

Reading

Hoyt, J.H. 1967: Barrier island formation. Geological
Soctety of America bulletin 78, pp. 1125-36. . Qertel,
G.F. and Leatherman, S.P. eds 1985: Barrier islands.
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Marine geology 63, pp. 1-396. - Schwartz, M.]. ed. 1973:
Barrier islands. Stroudsburg, Penn.: Dowden, Hutchinson
and Ross. - Swift, D.J.P. 1975: Barrier island genesis:
evidence from the central Atlantic shelf, eastern U.S A.
Sedimentary geology 14, pp. 1-13.

barrier reef One of the whole suite of coral
reef forms. It is characterized by the presence of
a lagoon, or body of water, in between the reef
and its associated coastline. This feature differ-
entiates a barrier from a fringing reef. Charles
Darwin identified barrier reefs as occupying the
mid position of a developmental sequence of
reefs caused by the submergence of the central
land mass, or island. Fringing reefs form the
start of this sequence and atolls the end. Like
other coral reefs, barrier reefs are generally lim-
ited in occurrence to the tropical latitudes and
are found on sediment-free coasts. Good ex-
amples of barrier reefs are found off the coast
of Belize, and around the island of Mayotte,
Comores Islands. Most barrier reefs are up to a
kilometre in width and their lagoons are often
up to a few kilometres wide. The Great Barrier
Reef forms the largest stretch of reefs in the
world, being almost 2000 km long, and is actu-
ally a compound form of many different reefs. It
is backed by a lagoonal sea tens of kilometres
wide. HAV

barrier spit The part of a barrier island sys-
tem that is attached to an eroding headland. It is
generally parallel to the coast and separated
from it by a lagoon. An inlet, which is often
tidal, separates a barrier split from a detached
barrier island. One theory, first put forward by
G.K. Gilbert, suggests that barrier spits are the
first stage of barrier island formation. They are
fed by longshore drift of material derived from
the eroding headland, and are generally formed
mainly of sand. Some barrier spits may be
attached to older beach ridges, but one end of
the elongated feature is always attached to the
mainland, while the other is free but associated
with a barrier island. CAMK

Reading

Carter, R W.G. 1988: Coastal environmenis. London: Aca-
demic Press. - Gilbert, G.K. 1880: Lake Bonneville. US
Geological Survey monograph 1, pp. 23-65. - Schwartz,
M.L. 1971: The multiple causality of barrier islands.
Fournal of geology 79, pp. 91-4.

barysphere The part of the earth’s interior
(i.e. core, mantle, and asthenosphere) which
lies beneath the lithosphere.

basal complex Describes the rocks which lie
beneath the Pre-Cambrian shields that make up
large portions of the continents.
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basalice A relatively thin layer (with a vertical
extent of up to tens of metres) of debris-rich ice
present at the base of glaciers, which is pro-
duced at and interacts with the glacier bed. As
a result of its different mode and environment of
formation it may differ from ‘normal’ glacier ice
in terms of its overall extent and properties
(including its rheology), debris, solutes and
gases. ASG

Reading

Hubbard, B. and Sharp, M. 1989: Basal ice formation
and deformation: a review. Progress tn physical geography
13, pp. 529-58.

basalsapping The process whereby a slope is
undercut at the base. It can describe the retreat
of a hillslope or escarpment by erosion along a
spring line (mid-latitudes) by salt weathering
(arid environments) or by glacial erosion
(CIRQUE).

basal sliding The process by which a glacier
slides over bedrock. It is distinguished from
processes associated with the internal deforma-
tion of ice within the body of a glacier. Two
important processes of sliding are enhanced
basal creep, where pressures caused by irregular-
ities on the bed increase stresses within the ice
and allow it to deform round the obstacles and
regelation, where the pressures induced by the
bed obstacles cause ice to melt on the upstream
sides, flow round the obstacles as water, and
refreeze on to the glacier on the downstream
sides. Basal sliding is closely related to the pre-
sence and nature of water at the ice-rock inter-
face. If no water is present basal sliding is
restricted to enhanced basal creep and the ice-
rock interface remains immobile. Water allows
movement at the ice-rock interface and the
higher the water pressure the quicker the rate
of sliding. Glacier sliding takes place in a stick-
slip fashion with periodic movements of a few
centimetres, and probably relates to the imped-
ing effect and sudden release of small frozen
patches at the ice-rock interface. A recently
recognized additional form of basal sliding
incorporates the deformation of weak sediments
beneath the weight of a glacier. DES

Reading
Paterson, W.S.B. 1981: The physics of glaciers. Oxford:
Pergamon. Chapter 7.

basalt A fine-grained and dark-coloured
igneous rock. The lava extruded from volcanic
and fissure eruptions. Rocks composed primar-
ily of calcic plagioclase and pyroxene with or
without olivine.



base exchange (or CATION EXCHANGE) A vital
soll reaction whereby bases or cations such as
calcium, magnesium, sodium and potassium are
made available as plant nutrients. These cations
are usually loosely bonded on the surface of clay
and organic colloidal particles in the soil com-
plex, and cation exchange takes place when
hydrogen cations, derived from organic decom-
position and atmospheric sources, replace the
metal cations, releasing the latter into the soil
water around the root hairs, where the plant
may absorb them. KEB

Reading

Pears, N. 1985: Basic biogeography, 2nd edn. London and
New York: Longman. - Trudgill, S.T. 1988: Soil and vege-
tarion systems, 2nd edn. Oxford: Oxford University Press.

base flow A term often used to describe the
reliable background river flow component from
a drainage basin, Base flow, or delayed flow, was
originally considered to be the result of effluent
seepage from groundwater storage but in some
drainage basins this sustained component of
flow is also produced by interflow from zones
above the water table and particularly by
throughflow or lateral drainage through the
soil. The DEPLETION CURVE or base flow reces-
sion curve describes the way in which base flow
discharge recedes at a particular site during a
period without rainfall. AMG

baselevel The lower limit to the operation of
subaerial erosion processes, usually defined with
reference to the role of running water. The level
of the sea surface at any moment acts as a gen-
eral base level for the continents, although there
can be a wide range of local base levels, some
above and some below sea level. The term was
first used by J. W. Powell (1875) who defined it
in a very broad fashion to include: first, the
concept of the sea as ‘a grand base-level, below
which the dry lands cannot be eroded’; sec-
ondly, the existence of local or temporary base
levels ‘which are the levels of the beds of the
principal streams which carry away the products
of erosion’; and, finally, as ‘an imaginary sur-
face, inclining slightly in all its parts towards the
lower end of the principal stream draining the
area’. W.M. Davis (1902) considered that
the breadth of Powell’s definition had led to
variety of practice and confusion. He therefore
proposed that base level be restricted to
‘simply. .. the level base with respect to which
normal sub-aerial erosion proceeds’. This sug-
gestion has largely been adopted.

Base levels can be identified on a number of
different scales. A stream channel acts as the
base level for processes on the adjacent slope.
A major streamn is the base level for the courses

BASIN-AND-RANGE

of its tributaries. A lake or a reservoir or a water-
fall is the base level for the entire basin
upstream. Clearly, these base levels can and
will alter over time, with implications for the
operation of subaerial erosional processes. By
and large a fall in base level creates an increase
in potential energy, by increasing the total relief,
and may result in an acceleration of rates of
erosion and down cutting. A rise in base level,
on the other hand, reduces relief and potential
energy and is frequently marked by aggradation.

One major feature of the Pleistocene has been
the frequency with which the ‘grand base-level’
of the sea has fluctuated under the combined
influence of EUSTASY and 150sTASY. These fluc-
tuations have had very complex repercussions in
many drainage basins, even those where the
effects of direct glaciation or tectonism are
absent. An experimental study of the COMPLEX
RESPONSE to a single change in base level is
provided by Schumm and Parker (1973), who
demonstrate that rwo sets of paired terraces may
be produced in the lower reaches of a drainage
basin. Such experiments must cast real doubt on
many geomorphological studies which have
considered that a separate base level change is
required to account for each set of paired ter-
races observed. BAK
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Davis, W.M. 1902: Base-level, grade and peneplain. Jour-
nal of geology 1, pp. 77-111. - Powell, ].W. 1875: Explora-
tion of the Colorado River of the West and its tributaries.
Washington: Government Printing Office. - Schumm,
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tigraphy. Nature (physical science) 243, pp. 99-100.

base saturation The condition arising when
the cation exchange capacity of a soil is satu-
rated with exchangeable bases — calcium, mag-
nesium, sodium and potassium - when
expressed as a percentage of the total cation
exchange capacity.

basement complex A broad term for the
older rocks, usually Archean igneous and meta-
morphic rocks, which underlie more recent sedi-
mentary rocks in any region. Such rocks are a
feature of the ancient shield areas of the earth’s
surface.

basic rocks Igneous rocks containing less
than about 55 per cent silica, basalt a typical
example (see ACID ROCKS).

basin-and-range A type of terrain, as found
in Utah and Nevada, where there are fault block
mountains interpersed with basins. The basins
often contain lakes, some of which may only fill
up in pluvials.
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BATHOLITH

batholith A large mass of intrusive igneous
rock which extends to great depth and can
cover or underlie very large areas.

bathymetry The measurement of water depth.

bauxite The main ore of aluminium. An
impure aluminium hydroxide associated with
the clay deposits of weathering zones, especially
in tropical regions.

beach A coastal accumulation of varied types
of sediment, usually of sand size or above. The
sediment is derived from rivers and other
sources and is moved by tides and waves to
form a beach. Beaches have characteristic pro-
file forms, which are determined by the steep-
ness of the waves and the size of the sediments.
These profiles may be highly changeable and
many beaches display either swell or storm pro-
files at different times of year. Within the beach
profile several different zones exist. These zones
are called the breaker, surf and swash zones.
These zones are related to the changes occurring
to waves as they hit the shoreline. Within each
zone are found different features, such as BERMS,
BEACH RIDGES, and BARS (sece Komar 1976 for a
detailed description of different coastal profiles).
Beaches also possess long profile shapes which
are influenced by the nature of the coastline. As
sea level changes, beaches may become elevated
above sea level, producing RAISED BEACHES. HV
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Carter, R W.G. 1988: Coastal environments, London: Aca-
demic Press. - Hardisty, J. 1990: Beaches form and process.
London: UnwinHyman. - Komar, P.ID. 1976: Beachprocesses
and sedimentation. Englewood Cliffs, NJ: Prentice Hall.

beach ridge Accumulations of sediment
forming a prominent feature on many beaches.
Beach ridges can take a wide variety of forms.

Upper beach

Ridges may be formed near the top of shingle or
sandy beaches (in sand these are called BERMS).
Ridge features may also be formed in association
with runnels near low-tide level on shallow gra-
dient beaches. Multiple ridge forms often occur
when sediment has been left by successive storm
events, Hv

Reading
Komar, P.D. 1976: Beach processes and sedimentation.
Englewood Cliffs, NJ: Prentice Hall.

beachrock Beach rock is a sedimentary rock,
or consolidated chemical sediment, which forms
in the intertidal zone on beaches, most notably
in the tropics. Beach rock may also develop
along extra-tropical coastlines, such as around
the Mediterranean and the Red Sea. It forms
where a layer of beach sand and other material
becomes consolidated by the secondary deposi-
tion of calcium carbonate at about the level of
the water table. The cementing material may be
aragonite or calcite and may come from ground-
water or sea water (Stoddart and Cann 1965).
Biochemical precipitation of calcium carbonate
by micro-organisms may also be involved.
Beach rock often forms relatively quickly, and
is forming today in some areas as evidenced by
the inclusion of recent human artefacts in the
consolidated layer. Once formed, beach rock is
relatively persistent, but often contains a suite of
erosional features zoned according to their posi-
tion relative to sea level. HAV

Reference
Stoddart, D.R. and Cann, J.R. 1965: Nature and origin of
beachrock, Journal of sedimentary petrology 35, pp. 243-7.

beaded drainage A series of small pools
connected by streams. The pools result from
the thawing of ground ice and may be 1-3m

Lower beach

talus cones

Cliff face
Depression with
N \

The idealized features of a sand and shingle beach.

and marsh Storm beach
Berms

Anastomosing
drainage
channels
insand

psand_

| Runnel with
water pool

Breached
ridge

Source: A.S. Goudie 1984: The nature of the environment. Oxford and New York: Basil Blackwell. Figure 8.4.
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deep and up to 30 m in diameter (see THERMO-
KARST).

Reading

Hopkins, D.M., Karlstrom, T.N.V., Black, R.F,,
Williams, J.R., Péwé, T.F., Fernald, A.T. and Muller,
E.H. 1955: Permafrost and ground water in Alaska. US
Geological Survey professional paper 264-F, pp. 113-47.

bearing capacity of a soil is the value of the
average contact pressure between a foundation
and the soil below it which will produce a
(shear) failure in the soil. Strictly, this is the
‘ultimate’ bearing capacity; in soil mechanics a
‘maximum safe’ value is used, which is the ulti-
mate value divided by a factor of safety. Various
methods are available to enable calculation of
appropriate values, according to the soil proper-
ties and the likely mode of failure. WEW

Reading
Smith, G.N. 1974: Elements of soil mechanics for crvil
mining engineers. London: Crosby Lockwood Staples.

BED ROUGHNESS

Beaufort scale Admiral Sir Francis Beaufort
formalized a scale of WIND based on its effect on
a man-of-war. The scale was later adapted for
use on land. It was still internationally useful in
1946, when it was argued that the anemometers
in common use were unable to register the
shorter-term gust capable of destroying a ship.
JSAG

Reading

List, R.J. ed. 1951: Smithsonian meteorological tables. 6th
revised edn. Washington: Smithsonian Institution. P. 119,
(Contains full listing of the scale.)

bed roughness The surface relief at the base
of a fluid flow, as on the bed of a river channel.
This may consist of several elements: particle
roughness, commonly defined with reference
to size of larger particles in relation to the
depth of fluid flow, form roughness produced
by bedforms and the distorting effects of chan-
nel bends and ‘spill’ resistance, as where rapid

Reasonable current specifications for the Beaufort wind force scale

Windspeed (knots)

Beaufort no. Descriptive term Mean Limits Effect on sea surface
Calm 0 <1 Sea like a mirror.

1 Light air 3 1-4 Ripples with the appearance of scales,
no foam crests.

2 Light breeze 7 5-8 Small wavelets, crests have glassy
appearance and do not break.

3 Gentle breeze 1 9-12 Large wavelets, crests begin to break,
perhaps scattered white horses.

4 Moderate breeze 15 13-16 Small waves becoming longer, fairly
frequent white horses.

5 Fresh breeze 19 17-21 Moderate waves, many white horses,
chance of some spray.

6 Strong breeze 24 22-26 Large waves form, white foam crests
extensive, probably some spray.

7 Near gale 29 27-31 Sea heaps up and white foam from
breaking waves blown in streaks,

8 Gale 34 32-36 Moderately high waves of great
length, edges of crests begin to break
into the spin-drift, foam blown in
streaks.

9 Strong gale 39 37-42 High waves, dense streaks of foam,
crests of waves begin to topple,
tumble and roll over.

10 Storm 45 43-48 Very high waves with long
overhanging crests, sea surface takes
white appearance, visibility affected
by spray.

11 Violent storm 52 49-55 Exceptionally high waves, sea
completely covered by long white
patches of foam, everywhere edges
of wave crests blown into froth.

12 Hurricane >55 Air filled with foam and spray, sea

completely white with driving spray,
visibility seriously affected.

Source: Mather, J.R. 1987: Beaufort wind scale. in J.E. Oliver and R.W. Fairbridge eds, The encylopedia of climatology.

New York: Van Nostrand Reinhold. Table 2, p. 162.
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BEDDING PLANE

changes occur where flow spills around protrud-
ing boulders. Velocity formulae (see FLOW EQUA-
TIONS), relating flow velocity to the hydraulic
radius and slope of river channels for UNTFORM
STEADY FLOWS, incorporate a roughness co-
efficient (Manning’s #), or related Darcy-
Wiesbach friction coefficient or CHEzy
EQUATION. Sometimes roughness coefficients
are estimated simply from the grain size on the
bed, but it has to be remembered that this size
may be variably effective at different depths and
discharges, as may other forms of roughness or
resistance. JL

Reading

Graf, W.H. 1971: Hydraulics of sediment transport. New
York: McGraw-Hill. - Richards, K. 1982: Rivers. London
and New York: Methuen.

bedding plane The interface between two
strata of sedimentary rocks, often a plane of
weakness between two such strata.

bedforms Features developed by fluid flow
over a deformable bed, as developed by wind
on a bed of sand or streamflow over alluvial
sediments. These forms may vary in size from
small-scale ripples to larger BARS or DUNES. A
hierarchy of forms may be present at any one
place superimposed on one another and poss-
ibly related to different formative flows. The
dimensions of bedforms may relate to flow mag-
nitudes, as is particularly evident when compar-
ing the giant ‘ripples’ tens of metres in length in
gravel-sized material produced by the cata-
strophic draining of the Pleistocene ice-dammed
Lake Missoula in North America with the rip-
ples of dimensions in centimetres developed in
sand in many shallow flows.

In flume experiments with sands, sequences of
bedforms have been shown to develop with
increasing stream power, bed shear stress and
sediment transport rate. An initial PLANE BED
with little sediment movement develops into
one with ripples and then dunes of increasing
dimension; there then follows re-establishment
of a transitional plane bed phase under condi-
tions of high sediment transport, finally with
standing waves and antidunes developing
into a chute and pool morphology. In detail the
changes observed may be complex. Overlap of
bedform types under given conditions of flow and
sediment transport occurs. In part this may
depend on the existing degree of development
of bedforms of particular types. Under field con-
ditions, while similar features and developments
may be observed, things become even more var-
ied, because of discharge variability and lag
effects and variable flow conditions across chan-
nels, among other factors.
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The existence of bedforms may be important
in generating flow resistance and variability of
channel flow conditions. This can lead, for
example, to flow separation and the creation
of localized areas of slackwater or upstream
flow. These may be particularly important
for flora and fauna, so that it may be
desirable in channelized rivers to allow for or
mimic such environments where bedforms are
absent. JL

Reading

Allen, .R.L. 1970: Physical processes of sedimentation, Lon-
don: Allen & Unwin. - —1984: Sedimentary structures.
Amsterdam: Elsevier. - Collinson, J.D. and Lewin, J. eds
1983: Modern and ancient fluvial systems. Special publica-
tion no. 6, International Association of Sedimentologists.
Oxford: Blackwell Scientific.

bedform reconstitution The tme that it
takes for a bedform to move one wavelength in

he direction of net transport (Allen 1974).
DSGT
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Allen, J.R.L. 1974: Reaction, relaxation and lag in natural
sediment systems: general principles, examples and les-
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bedload, bedload equation Fluid-trans-
ported sediment that moves along or in close
proximity to the bed of the flow. This movement
of the heavier and larger particles may be by
rolling, sliding or saltation (the last being move-
ment in a series of hops resulting from grains
umpacting on one another). For a given trans-
porting flow the particles that move in this way
are ones that are too heavy to be kept suspended
in the flow itself since their fall velocity is greater
than the upward velocity component of the tur-
bulent fluid.

For rivers, bedload usually amounts to less
than 10 per cent of total sediment transport,
though higher proportions have been reported
for mountain streams. Measurements available
are, however, relatively few and possibly unreli-
able. The problem is that any device inserted in
flowing water to trap just that sediment moving
at or near the bed itself interferes with the pat-
tern of fluid flow and sediment movement.
Techniques include permanent traps or slots in
the bed, both ones which are periodically emp-
tied and therefore assess just the total amount of
sediment transport in the sampling period, and
ones which include a conveyor system or weigh-
ing device which samples sediment continuously
(e.g. Leopold and Emmett 1976). Other port-
able basket-, bag- or pan-type samplers may be
lowered onto the bed and then retrieved. These
measurements are liable to varying and often
unknown error (especially through faulty



positioning on the bed) and trapping efficiency,
but some long-term series of observations on
European and North American rivers are now
available. These show that even for a given dis-
charge, bedload transport rates are unsteady and
uneven across streams; it is also well known that
bed material (which may include an additional
component of suspension load) may accrete and
move discontinuously in the form of migratory
BARS. When bedload movement is in this form, it
has been suggested that transport rates may be
approximated by the volumetric transfer rate of
such BEDFORMS over time.

Bedload movement has also been studied
using tracers and the acoustic monitoring of
inter-particle collisions; a particular aim may
be to ascertain the hydraulic conditions at
which bed material starts to move. Difficulties
in measuring bedload transport, both practical
and conceptual, have led to the development of
a series of empirically calibrated bedload equa-
tions. Given certain information (for example,
stream velocity, discharge or stream power and
measures of bed material size and sorting), bed-
load transport rates may be calculated rather
than directly measured. Some equations involve
prediction of transport rates in terms of ‘excess’
shear or power above the threshold value at
which transport starts. Some involve computa-
tion of total sediment transport rates rather than
the bedload alone. From a practical point of
view the problem is often that such equations
may have to be used in conditions beyond those
for which they have been designed and calib-
rated and, in practice, equations may give very
different estimates from one another. None
the less, properly used, such estimates have
proved very useful as an aid to the design of
reservoirs and other engineering works on rivers
where bedload movement may be a practical
problem. JL

Reading and Reference

Graf, W.H. 1971: Hydraulics of sediment transport. New
York: McGraw-Hill. - Leopold, L.B. and Emmett, W.W.
1976: Bed load measurements, East Fork River, Wyom-
ing. Proceedings of the National Academy of Sciences 73, pp.
1000-4. - Richards, K. 1982: Rivers. London and New
York: Methuen.

bedload pit trap An excavation made in the
bed of a stream in order to intercept part or the
whole of the bedload delivered to the site, in
order to be able to measure the size character-
istics of the particles being carried and also the
rate of sediment transport. The pit needs to be
sufficiently long that grains cannot jump across
it. Bedload traps may range from passive collect-
ing pits lined with a durable material, and excav-
ated during times of low flow to retrieve and

BENCHMARK

weigh the trapped material, to recording traps
which may contain at their base a bladder which
develops increasing internal pressure as bedload
falls in upon it (Reid ez al. 1980). This pressure
can then be continuously recorded by running a
small pressure tube to a transducer housed on
the bank. Generally, pit traps only sample a
width of channel of about 1m, and the data
derived from this are scaled-up to estimate the
sediment load being carried within the whole
bank-to-bank width of the stream. DLD

Reference

Reid, L., Layman, ].T. and Frostick, L.E. 1980: The con-
tinuous measurement of bedload discharge. Fournal of
hydraulic research 28, pp. 243-9.

bedload tracers are markings or other devices
applied to bedload grains collected from a study
stream, commonly pebbles and larger particles,
which are then returned to the channel at known
positions. Following a sediment transport event,
the bed is searched for these marked grains,
whose distance of travel can then provide useful
information on stream competence and sedi-
ment transport mechanics (Laronne and Carson
1976). Tracers have included durable coloured
paints, fluorescent paints searched for under
ultraviolet light, and ferrous metal or ceramic
magnets attached to the stone, or embedded
within it, that are relocated using a metal de-
tector. Some studies have employed many thou-
sands of tracer particles that have been tracked
for periods of years. DLD

Reference

Laronne, J.B. and Carson, M.A. 1976: Interrelationships
between bed marerial morphology and bed-material
transport for a small, gravel-bed channel. Sedimentology
23, pp. 67-85.

bedrock The consolidated, unweathered rock
exposed at the landsurface or underlying the soil
zone and unconsolidated surficial deposits.

Beer's law establishes the linear relationship
between the absorbency of light energy by a gas
and the concentration of the gas, for a specific
wavelength of energy. The equation is:
A(I) = a(l)lc; where A(l) is absorbency at a spe-
cific wavelength, a(/) is the absorptivity coeffi-
cient for the gas at the specified wavelength, [ is
the path length through the gas, and ¢ is the
concentration of the gas. Beer’s law is used by
climatologists to estimate the transmittance of
solar radiation through gases in the atmosphere
for use in energy balance studies and climate
modelling. NJS

benchmark A surveyor’s mark, usually cut on
rock, a kerbstone or other relatively permanent
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BENIOFF ZONE

structure, indicating a point of reference for
levelling or surveying. Two types of benchmark
can be defined; temporary benchmarks are often
established when surveying a small area, but the
height of these temporary benchmarks relative
to the national height datum can only be accu-
rately determined with reference to a national
benchmark. DJN

benioff zone The zone or plane of earth-
quake foci beneath some continental margins.
The inclined plane dips deeper on the island of
the continental margin.

benthic Pertaining te plants, animals and
other organisms that inhabit the floors of lakes,
seas and oceans,

berg wind A type of FOHN wind blowing,
mainly in winter, off the interior plateau of
South Africa, roughly at right angles to the coast.

Bergeron-Findeisen mechanism See cLouD
MICROPHYSICS.

berghlaup An Icelandic term (literally, rock-
leaping) which is sometimes used to refer to
a large fallen earth or rock mass. No genetic
interpretation is usually intended and it may
be considered as an equivalent of bergsturz.
WBW

Bergmann's rule states that, all other things
being equal, an individual member of a species
of warm-blooded creatures will have a greater
body size in colder climates. Although not all
species ‘obey’ this rule, it does appear to apply
fairly widely amongst carnivores that have a
wide geographical distribution (Klein 1984).
Where this has been demonstrated through
investigation of modern living animals, it has
proved a useful palaeoenvironmental tool for
studying temperature changes in the late Qua-
ternary, where the remains of a particular spe-
cies occur through sediments of different ages.
In southern Africa, the principle of climatic con-
trols on animal size variations has been extended
for different species to identify links with not
only temperature but precipitation changes

(e.g. Avery 1983). DSGT
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bergschrund The crevasse occurring at the
head of a cirque or valley glacier because of the
movement of the glacier ice away from the rock
wall.

berm A ridge of sand parallel to the coast-
line, commonly found on the landward side of
steeply sloping beaches. It is a nearly horizontal
feature formed by deposition at the upper limit
of the swash zone. When steep beaches are
transformed into more shallow gradient
beaches, due to a change in wave regime, the
berm is removed and a long-shore bar deposited
just below low-tide level. HV

Bernoulli's theorem and effect describe the
relationship between the pressure in a fluid flow
in the direction of flow (dynamic pressure) and
at right angles to it (static pressure).

The theorem states that the sum of these two
pressures is equal to the local HYDROSTATIC
PRESSURE. The dynamic pressure exceeds the
hydrostatic pressure by an amount pu’/2
where u is the local flow velocity and p is the
density of the fluid. The static pressure is thus
less than the hydrostatic pressure by the same
amount. The Bernoulli effect is produced where
flow velocities differ laterally. The difference in
static pressures tends to push objects towards
the streams of more rapid flow, e.g. blowing
between two oranges which are hanging so that
they almost touch, causes them first to swing in
to hit each other. MK

beta diversity A measure of the degree of
change in species composition of biological
communities in relation to variations in local
environments within a landscape. Beta or
between-habitat diversity can be distinguished
from alpha or within-habitat diversity, which
measures the number of species within a single
community. Landscapes in which the species
composition changes rapidly in relation to vari-
arions in factors such as elevation, soil moisture,
and degree of disturbance will have higher beta
diversities than landscapes which have an
absence of species changes along such habitat

gradients. ARH
Reading

Whittaker, R.H. 1975: Comwuoties and ecosystems.
2nd edn. London: Collier Macmillan. Chapter 4,
pp. 111-91.

Bhalme and Mooley droughtindex One of
many available numerical indexes designed for
the assessment of DROUGHT duration and
drought severity. The Bhalme and Mooley
index was developed in the context of monsoonal
conditions in India, but has been applied quite



Bhalme and Mooley
index value

Descriptive term

=4 Extremely wet
3to 3.99 Very wet

2to2.99 Moderately wet
1to 1.99 Slightly wet

0.99 to —0.99 Near normal

-1to —1.99 Mild drought
—2to —-2.99 Moderate drought
-3 to —-3.99 Severe drought

= 4 Extreme drought

Source: Bhalme and Mooley 1980.

widely, and yields a score within the range +4 to
—4, with negative values indicating drought and
positive values indicating wetter than normal
conditions (and hence, flood risk). This resem-
bles the range of values generated by the Palmer
index, another commonly used drought index.
The values and associated descriptive terms are
shown in the table.
The expression used to derive the index is

I = 0501, | + (M,/48.55)

where [, is the drought intensity of the kth
month in a period of record, and M, is an
index of moisture deficit (rainfall deficiency)
calculated in relation to the long-term average
rainfall and the COEFFICIENT OF VARIATION for
the month %. For details of the calculation pro-

cedure, see Bhalme and Mooley (1980). DLD
Reference

Bhaime H.N. and Mooley D.A. 1980: Large-scale
droughts/floods and monsoon circulation. Monthiy
weather review 108, pp. 1197-211.

biennial oscillation See MACROMETEORO-
LOGY.

bifurcation ratio The ratio (By= ) n)/

S>> {n+ 1) of number of streams of a particular
order (3> n) to number of streams of the next
highest order > (n + 1}. Itis therefore dependent
upon techniques of stream ordering and gives an
expression of the rate at which a stream network
bifurcates. It has been correlated with hydro-
graph parameters and sometimes with sediment
delivery factors. In a fifth Strahler order drainage
basin, four values of R, could be calculated and
so a weighted mean bifurcation ratio (WR;) was
recommended by Schumm (1956) as:

WR, — Z[Rb,,,,w XZ(VNn + Nn%vl)}

(See also ORDER, STREAM.)

KJG
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in badlands at Perth Amboy, New Jersey. Bulletin of the
Geological Society of America 67, pp. 597-646.

bioaccumulation The build-up in concentra-
tion of a toxic substance in the body of an indi-
vidual organism over time. Bioaccumulation
occurs when an organism is unable to excrete
the substance or break it down within the body,
so that the substance remains in the body and its
concentration increases each time an additional
amount of the substance is taken in. Repeated
exposure to toxic, conservative pollutants such
as heavy metals and pesticide residues can result
in numerous ill effects, including impaired
reproductive capacity and birth defects, and
sometimes ultimately in the organism’s death.
In many cases the effects may depend on the
health of the animal. When chlorinated hydro-
carbons such as pesticides and PCBs are bioac-
cumulated they tend to be concentrated in fatty
tissues and released to circulate in the body
when fat reserves are used during times of poor
feeding.

The diet of animals that feed on bioaccumu-
lators is enriched in these conservative materials
and if, as is often the case, they too are unable to
excrete them, they in turn acquire an even
greater body concentration of the substance, a
process known as biomagnification. Confus-
ingly, some authors also use the term bioaccu-
mulation for this process of biomagnification up
a food chain. NIM

Reading

McLachlan, M.S. 1996: Bioaccumulation of hydrophobic
chemicals in agricultural food chains. Environmental
seience & rechnology 30, pp. 252-9. - Newman, M.C. and
Jagoe, R.H. 1996: Bioaccumulation models with time
lags: dynamics and stability criteria. Ecological modelling
84, pp. 281-6. - Woodwell, G.M., Wurster, C.F. and
Isaacson, P.A. 1967: DDT residues in an east coast estu-
ary: a case of biological concentration of a persistent
insecticide. Science 156, pp. 821-4.

biochemical oxygen demand (BOD) The
amount of oxygen used for the biochemical
degradation of organic compounds by a unit
volume of water at a given temperature and for
a given time. The measure is commonly used as
an index of organic pollution because the
amount of dissolved oxygen in water has a pro-
found effect on the plants and animals living in
it. BOD is measured by storing a test sample in
darkness at 20 “C, for three days (to give BOD3)
or five days (to give BODS5), and the amount of
oxygen taken up by the micro-organisms present
is measured in milligrams per litre.

Water samples may also contain substances
such as sulphides, which are oxidized by a
purely chemical process, and in these cases the
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BIOCLASTIC

oxygen absorbed may form part of the BOD
result. For this reason, the BOD test alone is
no longer considered an adequate criterion for
judging the presence or absence of organic pol-
lutants, although it is still widely used particu-
larly to assess the polluting capacity of sewage.
Other aquatic pollutants, such as pesticides, dis-
solved salts and heavy metals, cannot be
assessed using the BOD test. NJM

Reading

Clark, R.B. 1997: Marine poilution. 4th edn. Oxford: Cla-
rendon Press. -+ Hoch, B., Berger, B., Kavka, G. and
Herndl, G.J. 1995: Remineralization of organic matter
and degradation of the organic fraction of suspended
solids in the River Danube. Agquatic microbial ecology 9,
pp. 279-88.

biocides See PESTICIDES.

bioclastic Pertaining to rock composed of
fragmented organic remains.

biocoenosis (biocenose) The mixed com-
munity of plant and animals (a biotic commun-
ity) in particular a HABITAT. It may be artificially
partitioned into three components: a plant
community (phytocoenosis), an animal commu-
nity (zoocoenosis) and a community of micro-
organisms (micro-biocoenosis). First intro-
duced by K. Mobius in 1877, the word is
normally used in the sense of an acrual
community in the landscape rather than in the
sense of an abstract concept or community type.
The physical environment of a biocoenosis is its
ECOTOPE; the biocoenosis with its ecotope make
up a BIOGEOCOENOSIS. JAM
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Berlin: Wiegundt, Hempel & Parey.

biodegradation The decomposition of
organic substances by micro-organisms. The
metabolism of aerobic (oxygen-utilizing) bac-
teria is primarily responsible for this breakdown.

The death and decay of organic matter is
essential for the replenishment of raw materials
in the biosphere. Reactions involved in the
degradation of organic compounds are fre-
quently those of their synthesis in reverse
(Horne 1978). Catalysts for the degradation
reactions are produced by micro-organisms,
and are often identical or similar enzymes to
those employed in synthesis (Bailey er al
1978). Natural toxins and some complex struc-
tures are resistant to breakdown. For example,
parts of the intricate chlorophyll molecule can
be found fossilized in ancient sedimentary rocks.
Also, organic compounds synthesized by indus-
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trial chemistry (plastics, and chlorinated hydro-
carbons, for example) are not readily
biodegradable, and may persist in the environ-
ment for a considerable time (see BIOLOGICAL
MAGNIFICATION). The presence of biodegradable
material in bodies of water can lead to a signific-
ant reduction in the dissolved oxygen content of
the water, as oxygen is needed for micro-organic
activity to take place (BIOCHEMICAL OXYGEN
DEMAND). RL]
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biodiversity Biological diversity ~ ‘an enorm-
ous cornucopia of wild and cultivated species,
diverse in form and function, with beauty and
usefulness beyond the wildest imagination” (Iltis
1988). This has recently become a major envir-
onmental issue because environments are being
degraded at an accelerating rate, much diversity
is being irreversibly lost through the destruction
of natural habitats, and science is discovering
new uses for biological diversity (Wilson 1988).
The number of species of organism on earth is
still imperfectly understood as is the rate at
which they are being lost, but particular fears
are expressed about the loss of species caused by
rainforest exploitation.
Biodiversity has five main aspects:

1 The distribution of different kinds of eco-
systems, which comprise communities of
plant and animal species and the surround-
ing environment and which are valuable
not only for the species they contain, but
also in their own right.

2 The total number of species in a region or
area.

3 The number of endemic species in an area.

4 The genetic diversity of an individual

species.

5 The subpopulations of an individual
species which embrace the genetic
diversity. ASG
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Iitis, H.H. 1988: Serendipity in the exploration of biodi-
versity — what good are weedy tomatoes? In E.O. Wilson
ed., Buwdiversity. Washington, DC: National Academy
Press, pp. 99-105. - Wilson, E.O. ed. 1988: Biodiversity.
Washington, DC: National Academy Press.

biogeochemical cycles The cycling, at
various scales, of minerals and compounds
through the ecosystem. The cycles (see CARBON
CYCLE and NITROGEN CYCLE) involve phases of



weathering of inorganic material, uptake and
storage by organisms, and return to the pool of
the soil, the atmosphere or ocean sediments. An
increasing amount of research has been
focused on the working out of the details of
such cycles during the past decade as a result of
concern over global environmental change and
nutrient budgets. Classic studies, such as that of
the Hubbard Brook Experimental Forest by
Likens and associates, are often cited (Begon er
al. 1990, pp. 688-91) as examples of well-
documented small-scale studies. Diagrammatic
representations of major element cycles are com-
mon in textbooks but there are fewer quantified
studies on a global scale (Mannion 1991). The
biogeochemistry of carbon has attracted particu-
lar attention because of the concern over GLOBAL
WARMING and the GREENHOUSE EFFECT. KEB
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Begon, M., Harper, J.L.. and Townsend, C.R. 1990: Eco-
logy, 2nd edn. Oxford: Blackwell Scientific Publications.
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Biogeochemistry of major world rivers. Chichester: Wiley.
- Mannion, A.M. 1991: Global environmental change. Har-
fow, Essex: Longman Scientific and Technical.

biogeocoenosis (biogeocenose) A combina-
tion on a specific area of the earth’s surface of a
particular BIOCOENOSIS (biotic community) and
its ECOTOPE (physical environment), e.g. a forest,
a peat bog or an oyster bank. Introduced by V.N.
Sukachev in 1944, the term was widely used in
the former USSR as an equivalent to the western
rerm ECOSYSTEM; a biogeocoenosis type being
equivalent to an abstract ecosystem type. A bio-
geocoenosis is generally considered to possess a
degree of homogeneity in its structure and a cer-
tain coherence in its functioning. JAM
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biogeography The science of biological dis-
tribution patterns, and a discipline examining
the characteristic spatial and temporal occur-
rence of the earth’s organisms. As the name
suggests, there are two components to this
form of natural science. The biological compon-
ent entails that its objects of study are biological
entities, from species up through higher orders
of taxonomic classification. The geographical
component embodies the identification of
distributional patterns and the search for an
explanation as to the factors that underlie
them. Depending on the level of taxonomy in
question and the spatial scale of interest, there
may be a strong degree of overlap between
biogeography and ECOLOGY, since ecologists
are also interested in organism distributions.
The interdisciplinary science of biogeography
has several elements which tend to distinguish
it from ecology however, especially its focus
on generally larger-scale spatial distributions
(commonly regional, continental or even
global) and also its frequent concern with higher
taxonomic orders such as families. A further
distinguishing factor is the biogeographical
interest in evolutionary development over time
and the dynamics of distribution patterns.
Biogeographers also focus on the nature of the
relationship between humans and organisms,
although such an approach is not their sole
preserve.
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BIOGEOMORPHOLOGY

Biogeography has a distinguished history,
although its identity as a named science 1is
more recent so that some of its earlier and
more famous proponents would not have
described themselves as biogeographers per se.
Perhaps the first biogeographical studies are the
inventories of plant species generated for parti-
cular geographical areas (one of the oldest ema-
nates from fourth-century China). The German
polymath, Alexander von Humboldt, is argu-
ably the first biogeographer as, in his seven-
teenth-century explorations of South America,
he collated enormous numbers of plant speci-
mens together with observations on their distri-
bution patterns. The realization soon followed
that species maintained characteristic distribu-
tions constrained by their adaptations to the
physical environmental characteristics (espe-
cially climate) in their respective ranges. Both
Charles Darwin and Alfred Russell Wallace
developed a keen interest in the distribution pat-
terns of organisms and their adaptational rela-
tionships to the environment. Such information
was the key to the establishment of the notion of
natural selection, although it was the German
A W.F. Schimper who formalized ideas on the
nature of vegetation—climate interactions in his
1903 Plant geography on a physiological basis. The
twentieth-century history of biogeography
reflects several diverse and distinctive develop-
ments in the discipline and influenced by
advances made in associated natural scientists
such as botany, ecology and even geology.

Several distinctive forms of biogeography may
be recognized in the contemporary literature.
Prominent among them is a focus on distribu-
tion patterns, often of plant taxa (phytogeog-
raphy), and their evolution over geological
time. Few would argue that, ecologically,
the rainforests of Africa and South America
arc functionally similar, but the taxonomic
identities of the two regions are markedly
distinct so that taxa in similar habitats are dif-
ferent because they have different histories. The
sub-discipline of vicariance biogeography arose
out of the recognition that history, by way of
continental drift and other large-scale geological
and climatic changes, has played the dominant
role in determining taxonomic distribution
patterns at the global scale. cLADISTIC biogeog-
raphy goes one stage further in recognizing that
the precise evolutionary relationships between
taxa are a direct function of the particular sequ-
ence of events in their respective geographical
areas of distribution, i.e. the relationships
between geographical areas can be reconstructed
from knowledge of the taxa occurring there.

Ecological ideas, in particular the develop-
ment of the ECOSYSTEM concept, have proved
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central, especially in the contemporary geog-
raphers’ (as opposed to biologists’) approach
to biogeography. This spawned the considera-
tion of major vegetation formations, or BIOMES,
which could be seen as an expression of the
environmental relationships at the global scale.
Another expression of ecological ideas, in this
case the branch of population ecology, arose out
of MacArthur and Wilson’s (1967) ideas on
ISLAND BIOGEOGRAPHY, which viewed species
complements on islands, microcosms of larger
scale ecosystems, as the product of an equili-
brium between colonizing species and those
becoming extinct. The potential for this idea to
help resolve the growing CONSERVATION crisis was
soon realized and, although direct application of
the equilibrium approach has proved fruitless, it
encouraged critical thinking as to the mechan-
isms underlying accelerated human-induced
extinction. Indeed, biogeography exhibits a
strong degree of involvement in that area of
science dealing more broadly with human-
environment relationships. Biogeographers,
particularly those with training as geographers,
have also made significant contributions in the
field of Quaternary palacoecology, where a
dynamic approach to the rather more static
large-scale biome studies has been fostered.
MEM
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biogeomorphology encapsulates concisely
a developing and previously much neglected
approach to geomorphology which explicitly
considers the role of organisms. Two main foci
are (a) the influence of landforms/geomorphol-
ogy on the distribution and development of
plants, animals and micro-organisms; and (b)
the influence of plants, animals and micro-
organisms on earth surface processes and the
development of landforms. ASG

Reading
Viles, H.A. ed. 1988: Biogeomorphology. Oxford: Basil
Blackwell.

bioherm a. An ancient coral reef.
b. An organism which plays a role in reef forma-
tion.



biokarst A xarsT landform, usually small in
scale, produced mainly by organic action.
Strictly speaking, the term PHYTOKARST should
be restricted to phenomena produced by plants
alone. Biokarst features can either be erosional
(as where organisms bore into or abrade carbo-
nate rock surfaces) or constructional (as in the
case of certain tufas and reef forms). ASG

Reading
Viles, H.A. 1984: Biokarst: review and prospect. Progress
i physical geography 8, pp. 523-43.

bioleaching The process of using micro-
organisms to liberate metals from mineral ores.
Direct leaching is when microbial metabolism
changes the redox state of the metal being har-
vested, rendering it more soluble. Indirect
leaching includes redox chemistry of other
metal cations that are then coupled in chemical
oxidation or reduction of the harvested metal
ion and microbial attack upon and solubilization
of the metal matrix in which the metal is
physically embedded. Microbial mining of
copper sulphide ores has been practised on an
industrial scale since the late 1950s and since
then bioleaching has also become common at
uranium and gold mines. Bioleaching tech-
nologies have been developed by the mining
industry in response to the lower grades of
accessible ores and lower operating costs.
Microbial mining saves energy, creates minimal
pollution and recovers resources from tailings
that would otherwise be wasted. An allied
development in mining biotechnology is the
use of bacterial cells to detoxify waste cyanide
solution from gold mining operations (Agate
1996). NJM
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Agate, A.D. 1996: Recent advances in microbial mining.
World journal of microbiology and biotechnology 12, pp.
487-95.

biological control (biocontrol) The control
of pestilential organisms such as insects and
fungi through biological means rather than the
application of man-made chemicals. This can
include breeding resistant crop strains, inducing
fertility in the pest species, disruption of breed-
ing patterns through the release of sterilized
animals or spraying juvenile hormones to inter-
rupt life cycles, breeding viruses that attack the
pests, or the introduction or encouragement of
natural or exotic predators to control pest out-
breaks. ASG

biological magnification The increased
concentration of toxic material at consecutive
TROPHIC LEVELS in an ecosystem. Toxins, such

BIOLOGICAL PRODUCTIVITY

as persistent pesticides and heavy metals, are
incorporated into living tissue from the physical
environment. Physical, chemical and biological
processes operate to amplify the harmful sub-
stances in food chains by concentrating the
quantities in individual organisms. The effect
of these substances on organisms varies. In gen-
eral, reproductive capacity is impaired at low
concentrations and death occurs at high ones,
sometimes via disease. Approximately 10 per
cent of food at one trophic level is transferred
to the next, the remainder being removed by
respiratory and executive activity, but as toxic
materials are not so readily broken down as
other components of organic tissue (BIODE-
GRADATION), their transfer efficiency is higher,
Thus a build-up of them occurs at successive
trophic levels (Woodwell 1967).

DDT (PESTICIDES) residues are an example of
accumulation in the physical environment.
They have a low biodegradability, and are
excreted slowly from organisms because they
become dissolved in fatty tissues. Woodwell
reports (in a study undertaken with Wurster
and Isaacson) DDT concentrations of up to
36kgha ! after two decades of application of
the pesticide to a New York marsh ecosystem.
Marsh plankton contained 0.04 ppm, minnows
1 ppm and a carnivorous gull 75 ppm of DDT in
their tissues. RLJ
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Jorgensen, S.E. and Johnsen, I. 1981: Principles of en-
vironmental science and rechnology. Amsterdam, Oxford
and New York: Elsevier. - Odum, E.P. 1975: Ecology: the
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don and New York: Holt, Reinhart & Winston. - Wood-
well, G.M. 1967: Toxic substances and ecological cycles.
Scientific American 216, pp. 24-31.

biological productivity The rate at which
organic matter accumulates over time within
any given area. The term is usually applied at
the ECOSYSTEM level, but may also be used with
reference to an individual organism or popula-
tion to account for growth, or the increase in
BIOMASS over time. Biological productivity is a
composite term and is used to refer generally to
productivity that may be considered separately
as NET PRIMARY PRODUCTIVITY, gross primary
productivity and secondary productivity (of
consumers), all of which involve the transfer of
energy within an ecosystem. Biological produc-
tivity is measured in units of weight accumulat-
ing per unit area over time, for example as
gm 2day”!, or tha~!yr~!. There are defined
relationships between gross primary productiv-
ity (GPP) and net primary productivity (NPP)
in an ecosystem. GPP represents the total rate at
which green plants convert solar radiation into
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carbohydrates via the process of PHOTOSYN-
THESIS. NPP is the net rate of organic matter
accumulating after allowance is made for the
fact that the green plants themselves need to
utilize some of the assimilated energy in order
to exist and that some energy is lost to the
system by the death or herbivory of the photo-
synthesizing plants. Human populations are
dependent for their existence on biological pro-
ductivity, albeit often in an artificial and
manipulated form as agricultural production.
Humans, as consumers, rely on both net
primary productivity of agricultural crops and
the secondary productivity of herbivores. MEM

bioluminescence The light produced by
some living organisms or the process of produ-
cing that light, characteristic of glow-worms and
some marine fish.

biomantle A layer or zone in the upper part
of a soil that has been produced primarily by
BIOTURBATION. Where present, biomantles gen-
erally extend from the soil surface to the depth
reached by burrowing invertebrates such as
worms, ants and spiders, or small vertebrates
(moles, gophers, etc). Over extended periods
of time, the excavation of fresh burrows by
organisms can progressively affect all of the
upper part of the soil column. This may do
one of two things: either, it will overturn and
homogenize the layer that is being worked, and
so produce a distinctive soil fabric, or, if there
are stones in the soil too large to be moved,
these will gradually accumulate as a layer at the
base of the worked layer. The texture of
the biomantle layer can be affected, as well
as its structure. If the burrowing organisms
build mounds of excavated spoils at the surface,
then once again through extended periods of
time all transportable materials in the worked
layer will be brought to the surface before they
are again mixed downward. While at the surface,
the spoils are exposed to erosional processes
(both wind and water), which may progressively
winnow out finer, more readily moved grains.
Thus, continued bioturbation can lead to a tex-
tural coarsening of the biomantle layer of the
soil. Such processes can be triggered in other
ways, as when tree-throw brings up subsoil
attached to the roots and exposes this to
erosional sorting. Progressively, this too could
result in the development of a distinctive bio-
mantle whose depth would correspond to the
rooting depth of the trees. DLD

Reading
Johnson, D.L. 1990: Biomantle evolution and the redis-
tribution of earth materials and artifacts. So#l science 149,
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pp. 84-102. - Nooren, C.A.M,, van Breemen, N., Stoor-
vogel, J.J. and Jongmans, A.G. 1995: The role of earth-
worms in the formation of sandy surface soils in a tropical
forest in Ivory Coast. Geoderma 65, pp. 135-48,

biomass The mass of biological material pre-
sent per plant or animal, per community, or per
unit area. On a world scale, and largely because
of the efficiency with which vegetation colonizes
land, most of the biomass is found in terrestrial
rather than oceanic environments, in a ratio of
several hundred to one. This is particularly the
case for phytomass (the mass of growing and
dead plant material). Whittaker and Likens
{1975) placed the rotal continental phytomass
at 1837 x 10° tonnes dry weight and that in
oceans and estuaries at only 3.9 x 10° tonnes
dry weight. On the other hand, the balance
between terrestrial and oceanic animal biomass,
which is at much lower levels all round, i1s much
more even: similar estimates (Whittaker and
Likens 1973) have set the former at
1005 x 10° tonnes, and the latter at 997 x 10°
tonnes, both dry weights.

On land, about 90 per cent of phytomass is
located in the world’s forests. Tropical rain for-
ests produce a mean phytomass of 45kg m "2,
other tropical and temperate forests one
of 30-35kgm~2, and boreal forests one of
20kg m~2. Natura] grasslands and tundra have
phytomasses of 0.5 to 5kgm™; and desert
phytomasses range from 0.7kgm * to much
less. Within all vegetation communities a good
deal of phytomass is accounted for by root
growth: thus, roots give rise to over 50 per cent
of the phytomass in many prairie grasslands of
North America, and to an even higher per-
centage in most deserts. Animal biomasses
are greatest per unit area on land in tropical
forests, and secondarily in the savannah grass-
lands of Africa; and in oceanic environments
in tropical reef zones, estuaries and on continen-
ral shelves. DW
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biome A mixed community of plants and ani-
mals (a biotic community) occupying a major
geographical area on a continental scale. Usually
applied to terrestrial environments, each biome
is characterized by similarity of vegetation struc-
ture or physiognomy rather than by similarity of
species composition, and is usually related to
climate. Within a particular biome the plants
and animals are regarded as being well adapted
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to each other and to broadly similar environ-
mental conditions, especially climate. Both-
CLIMAX VEGETATION and SERAL COMMUNITIES
are represented. A group of biomes in which the
plant and animal communities exhibit similar
adaptations form a biome type. Thus the tropical
rain forests of the Congo Basin and Amazonia
are two biomes within the tropical rain forest
biome type. Other biome types respectively
include tundra, taiga, savannah and hot desert
biomes (see LIFE FORM). Needless to say, large
areas of many biomes have undergone trans-
formation by human societies and small-scale
maps that appear in texts and atlases are mislead-
ing (Holzner et al. 1983). JAM

Reading and Reference

Brewer, R. 1979: Principles of ecology. Philadelphia and
London: W.B. Saunders. Carpenter, J.R. 1939:
The biome. American midland naturalist 21, pp. 75-91.
- Furley, P.A. and Newey, W.W. 1983: Geography of the
biosphere. London: Butterworths. - Holzner, W., Ikusima,
1. and Werger, M.J.A. eds 1983: Man’s impact on vegetation.
The Hague, Boston and London: W. Junk. - Kendeigh, S.C.
1974: Ecology with specific reference to amimals and man.
Englewood Cliffs, NJ: Prentice-Hall. - Shelford, V.E.
1963: The ecology of North America. Urbana: University of
Illinois Press. - Walter, H. 1979: Vegetation of the earth. 2nd
edn. Berlin: Springer-Verlag.

biometeorology The study of the effects of
weather and climate on plants, animals and
man. The International Society of Biometeoro-
logy, founded in 1956, has classified the subject
into six main groups: phytological, zoological,
human, cosmic, space and palaco. Human bio-
meteorology includes the study of the influence
of weather and climate on healthy man and on
his diseases and the effect of microclimates in
houses and cities on health. Although Hippo-
crates discussed some of these topics over 2000
years ago it is only in the second half of the
twentieth century that the main developments
in this science have taken place. In some
countries the old name of bioclimatology is still
used. DGT

Reading
Tromp, S.W. 1980: Biomereorology. London: Heyden.

biosphere The zone, incorporating elements
of the hydrosphere, lithosphere and atmo-
sphere, in which life occurs on earth. The term
is occasionally used to refer only to the living
component alone, although it is more com-
monly conceived as a zone of interaction
between the other ‘spheres’. This is appropriate,
because life is dependent upon energy,
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processes and materials which are located in all
three of the earth’s other conceptual spheres,
to the extent that the scheme is often repre-
sented as a series of overlapping circles with
the biosphere in the nodal position. Used in
this way, biosphere is synonymous with Eco-
SPHERE. Implicit in the concept is the fact that
life within the biosphere is organized hierarchic-
ally. The hierarchy has a fundamentally cellular
basis and is structured through progressively
larger and more complex agglomerations of
organs, organisms and populations. By incor-
porating elements of the physical environment
also, the higher levels of organization in the
biosphere are represented by its ECOSYSTEMS
and BIOMES.

In proportion to the dimensions of the earth
and its atmosphere as a whole, the biosphere
occupies a remarkably thin and, arguably, fragile
layer. It extends a maximum of a few hundred
metres above the land surface and penetrates
relatively little into the crust, although recent
research suggests that the microbial biomass
may be considerably larger (see ANAEROBIC bac-
teria). Certainly the most conspicuous organisms
are found within a few metres above and below
the earth’s surface. Approximately two-thirds of
the biosphere is characterized by water, as oceans.

Crucial in the evolution of the biosphere has
been the emergence of photosynthesizing green
plants and the consequent modification of the
atmosphere that appears to have facilitated the
familiar ecosystem processes of the contempor-
ary earth. Indeed the prominence of atmo-
spheric oxygen in 1its role in ecological
processes is a direct result of the evolutionary
development of photosynthesizing AUTOTROPHS.
In essence, the earth’s contemporary atmo-
sphere is a product of the biosphere.

Two fundamental kinds of processes charac-
terize the biosphere, viz.: ENERGY FLOW and
nutrient recycling, both of which involve func-
tional linkages and exchanges between the var-
ious spheres in the earth system. Most of the
energy which activates the biosphere is derived
from solar radiation and becomes ecologically
important via its assimilation through photo-
synthesis. Subsequently, this energy is utilized
by organisms in successive TROPHIC LEVELS as
part of the FOOD CHAIN. Progressively smaller
absolute quantities of energy are available
along the length of the food chain so that con-
sumer biomass, for example herbivores and
primary and secondary carnivores, is less than
for the autotrophs. The incoming energy driving
the entire system is eventually dissipated as
respirational or heat loss but is, of course, kept
topped up by the constancy of solar inputs.
Nutrients within the biosphere, however, are
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not renewed in the same way and, instead, are
recycled through the active components of the
earth system over time. Hydrogen, carbon, oxy-
gen and nitrogen, together with some forty or so
other essential mineral elements recycle within
the biosphere and maintain its integrity. Car-
bon, for instance, recycles through the atmo-
sphere, biosphere, lithosphere and hydrosphere
and, in an ideal, efficient BIOGEOCHEMICAL
CYCLE, is consistently replenished so that circu-
lating quantities remain stable over time. Due to
excessive human exploitation of resources in the
biosphere, however, imbalances in some of the
nutrient cycles are becoming increasingly appar-
ent and express themselves, for example, as
environmental problems such as EUTROPHICA-
TION and GLOBAL WARMING.

Arising out of the biosphere concept, in which
the earth may be envisaged as a single, self-
contained ecosystem, is the idea that actions
on any scale anywhere on earth may have a
cumulative, by implication negative, effect on
the whole system. James Lovelock in 1974
took this idea to what he considered to be its
logical conclusion, i.e. that the earth is in effecta
superorganism and that it strives to maintain
a regulated atmospheric composition and
temperature condition. The so-called Gala
hypothesis is controversial but has served to
focus attention on the nature of the biosphere
and the human interaction with it. MEM

Reading
Bradbury, 1.K. 1998: The biosphere. 2nd edn. Chichester:
Wiley.

biostasy A term that was applied by Erhart
(1956) to periods of soil formation, with rhexis-
tasy referring to phases of denudation. In periods
of biostasy there i1s normal vegetation, while in
phases of rhexistasy there is dying out or lack of
vegetation as a result of soil erosion resulting
from climatic changes, tectonic displacement,
etc. The period of rhexistasy is characterized by
mechanical reworking, whereas biostasy is char-
acterized by chemical decomposition. ASG

Reference
Erhart, H. 1956: La genése des sols en tant que phénomene
géologigue. Paris: Masson.

biota The entire complement of species of
organisms, plants and animals, found within a
given region.

biotechnology The use of microbial, animal
or plant cells or enzymes to synthesize, break
down or transform materials (Smith 1988).
However, as Bull er al. (1982) and Bu’lock
{1987) note, alternative definitions of the term



have arisen as a result of the philosophies and
interests of the practitioners of a rapidly devel-
oping and sometimes controversial subject. It
involves the interaction of biology and engineer-
ing to their mutual benefit, and is an interdis-
ciplinary science concerned with a collection of
technologies relevant to a number of parts of
industry: the production of food and medicine,
and the treatment of organic waste, for example.
Biotechnological principles (for instance, in the
manufacture of alcohol from grain, and cheese
from milk) have been applied for centuries, but
major advances in bioengineering have been
made in recent decades. RLJ
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bioticisolation The isolation of organisms by
hereditary mechanisms which cause the restric-
tion or elimination of interbreeding through
processes wholly internal to the organism. The
isolation results not from geographical or ecolo-
gical isolation but from the incompatibility of
reproductive structures and genetic isolation.
Thus, although populations of the song sparrow
(Melospiza melodia) and Lincoln’s sparrow (M.
lincoleni) live side by side over considerable
areas of the USA, they do not integrate and
remain distinct from each other. Most species
are isolated by several kinds of mechanisms
which are in turn controlled by the action of
many different genes. (See also SYMPATRY.) PAS

Reading

Jones, S.B. and Luchsinger, A.E. 1979: Plant systematics.
New York: McGraw-Hill. - Stebbins, G.L.. 1977: Processes
of organic evolution. 3rd edn. Englewood Cliffs, NT:
Prentice-Hall.

biotic potential The total reproductive
potential of an individual organism or a popula-
tion; an important concept in the study of plant
and animal population dynamics. Essentially it
is a measure of the reproductive rate of a given
species taking into account the inherited sex
ratio, the number of young per female, and the
number of generations per unit of time. The
biotic potential of many species (e.g. small
mammals or bacteria) is enormous and such
species would soon swamp the earth if there
were no environmental checks on reproduction
and on the survival of offspring. PAS

BISE

Reading

Silvertown, J. 1982: Introduction to plant population ecology.
London: Longman. - Solomon, M.E. 1976: Population
dynamics. 2nd edn. London: Edward Arnold.

biotope The HABITAT of a BIOCOENOSIS, or a
micro-habitat within a biocoenosis. In the first
sense the word is synonymous with ECOTOPE,
the effective physical environment of a biocoe-
nosis or biotic community. In the second sense
it refers to a small, relatively uniform habitat
within the more complex community, e.g.
although a forest community occupies its own
habitat, each layer or stratum within the forest
may be regarded as a separate biotope. (See also
NICHE.) JAM

Reading

Allee, W.C., Emerson, A.E., Park, O., Park, T. and
Schmidt, K.P. 1951: Principles of animal ecology. Philadel-
phia and London: W.B. Saunders. - Daubenmire, R.
1968: Plant communities: a textbook of plant synecology.
New York and London: Harper & Row.

bioturbation The mixing of soil or surficial
layers of terrestrial, marine or lacustrine sedi-
ments by the physical action of organisms. A
familiar example would be the mulching of top-
soil by the action of earthworms, termites or
moles, which activity results in the organic and
clastic soil particles being selectively reworked
and sorted. Ploughing and mulching are forms
of intentional human-induced bioturbation in
soils aimed at mixing the topsoil and optimizing
drainage and nutrient conditions. In the case of
marine or lacustrine sediments, BENTHIC micro-
and macrofauna, through their activities at
the sediment surface and near-surface, may
overturn the accumulating deposits such
that apparent inconsistencies in chronological
order of sedimentation may result. This is
potentially problematic if the sediments are the
object of palaeolimnological or palaeoceano-
graphic study, for the microfossils and other
sediment characteristics of interest may become
displaced. Such a situation is most serious under
circumstances of very slow rates of sediment
accumulation, where physical disturbance over
a few centimetres can re-sort materials depos-
ited over several hundreds or thousands of
years, hence impacting on the level of temporal
resolution possible in the palaeoenvironmental
reconstruction. It is for this reason that deep
ocean sediments are unable to resolve environ-
mental events of less than one thousand years
duration. MEM

bise, bize A cold, dry northerly to north-
north-easterly wind occurring in the mountains
of Central Europe during the winter months.
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black box The term given to any model or
treatment of a SYSTEM where the internal com-
ponents of the system are ignored or excluded
from direct treatment, by only considering the
relationship between inputs to the system and
outputs from the system. A good example might
be a statistical treatment of the relationship
between rainfall and runoff, which does not
consider the operations of processes within the
system (e.g. soil infiltration, initial soil moisture
conditions, interception of rainfall by vegetation
and subsequent evaporation). In practice, most
models have an element of black box treatment,
as there are normally always some processes
operating at scales smaller than the model.
These may be dealt with using statistical treat-
ments which may have only a poor resemblance
to the actual way in which they work. SNL

blanket bog A type of bog, often composed
of peat, which drapes upland terrain and infills
hollows, in areas of high precipitation and low
evapotranspiration.

blind valley A steep-sided, river-cut valley
which terminates in a precipitous cliff. Although
blind valleys can be found in any terrain near the
source of a river, they are usually produced when
a river flows onto limestone bedrock and sinks
into subterranean passages, enabling downcut-
ting to occur in the active river valley. This has
the effect of depressing the river valley relative to
the upstanding limestone rock, thus producing a
steep cliff. Blind valleys are favoured sites for
cave exploration: caves such as the famous Swil-
don’s Hole, Mendip, south-west England are
entered from a blind valley. PAB

blizzard A snow storm, either of falling snow
or deflated snow, usually accompanied by low
temperature and high winds.

block faulting The process whereby large
regions are tectonically disrupted to form com-
plex systems of troughs and ridges or basins and
block mountains. The result of tectonic uplift
and subsidence of adjacent blocks of the earth’s
crust following faulting and fracturing on a grid
pattern.

block fields, block streams Spreads or lines
of boulders, generally angular, formed by i situ
shattering by frost of a bedrock surface. They
may surround features such as tors and nuna-
taks and other landforms subjected to severe
periglacial processes.

blocking An extreme state in which the
tropospheric circulation takes the form of
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large-amplitude stationary waves. Such flow is
frequently manifest in stationary anomalies in
the weather which may have significant econ-
omic repercussions, such as the 1976 drought
in the UK. Prediction of the initiation and
persistence of blocks is difficult. Hydrology,
transfer of energy by both solar and terrestrial
radiation, interaction of synoptic-scale weather
systems and the larger scale mean flow, and
resonance of stationary waves are all possible
relevant factors. JSAG

blow-hole Vertical shaft leading from a sea
cave to the surface. Air and water may be forced
through the hole with explosive force as a rising
tide or large waves cause large changes in pres-
sure in the underlying cave.

blowouts Erosional hollows, depressions,
troughs or swales within a dune complex (Car-
ter et al. 1990). They form readily in vegetated
dunes for a variety of reasons; shoreline erosion
and/or washover, vegetation die-back and soil
nutrient deficiency, destruction of vegetation
by animals and fire, and human recreational
activities. However, blowout topography need
not necessarily arise from erosional processes;
it may develop as areas of non-deposition
between mobile dune ridges or as gaps in in-
cipient foredunes. Two basic blowout morphol-
ogies have been identified: saucer blowouts
(shallow, ovoid and dish-shaped with a steep
marginal rim) and trough blowouts (deep, nar-
row, steep-sided with more marked downwind

depositional lobes, and marked deflation
basins). ASG
Reference
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bluehole A circular, steep-sided hole which
occurs in coral reefs. The classic examples
come from the Bahamas (Dill 1977), but other
examples are known from Belize and the Great
Barrier Reef of Australia (Backshall er al. 1979).
Although volcanicity and meteorite impact have
both been proposed as mechanisms of forma-
tion, the most favoured view is that they are the
product of karstic processes (e.g. collapse
dolines) which acted at times of low sea level
when the reefs were exposed to subaerial pro-

cesses. ASG
References
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— geologically significant sink holes and caves off British
Honduras and Andros, Bahama Islands. Proceedings of
the 3rd International Coral Reef Symposium, Miami 2,
pp. 238—42.

Blytt-Sernander model Provides the classic
terminology of the HoLOCENE. It was estab-
lished by two Scandinavians, A.G. Blytt and R.
Sernander, who, in the late nineteenth and early
twentieth centuries, undertook various palaeo-
botanical investigations that revealed vegeta-
tional changes from which climatic changes
were inferred. They introduced the terms Bor-
eal, Atlantic, Sub-Boreal, and Sub-Atlantic for
the various environmental fluctuations that took
place. Modern workers recognize that because
factors other than climate affect vegetation
change (e.g. man’s intervention, soil deteriora-
tion through time etc.) the model may be sim-

plistic. ASG
The classic European Holocene sequence
Period  Zone Blytt- Radiocarbon
number Sernander years BP
zone name
Post
Glacial  IX Sub-Atlantic  post 2450
Vit Sub-Boreal 2450-4450
Vi Atlantic 4450-7450
\4 Late Boreal 7450-8450
\ Early Boreal 8450-9450
v Pre-Boreal 9450-12,250
Late
Glacial 1l Younger 10,250-11,350
Dryas
1 Allerod 11,350-12,150
lc Older Dryas 12,150-12,350
b Balling 12,350-12,750
la Oldest Dryas

bodden A type of irregularly shaped coastal
inlet brought about by the transgression of the
sea in an area of undulating terrain, as along the
Baltic coastline of eastern Germany. ASG

bog In the widest sense, the term bog may
be taken to include any nutrient-poor, acidic
peatland community with a distinctive plant
community of sphagnum mosses, ericaceous
sedges and coniferous trees. This broader use of
the term includes poor fen. Bog is used in the
restrictive sense to refer to those peatlands where
the bog surface is irrigated more or less exclus-
ively by precipitation inputs and is unaffected by
minerotrophic groundwater. Another term for
bog 1s ombrotrophic MIRE. The nutrient supply
to the bog is low although nitrogen may be
supplemented by atmospheric enrichment
derived from industrial, urban and agricultural

BORA

sources. Bog biodiversity is low. Typically the
pH is < 4.5 compared to fens where the pH
range is 4.5-7.5. ALH

Reading
Lewis, W. M. ed. 1995: Weilands: characteristics and
boundaries. California: National Research Council.

bog bursts The sudden disruption of a
bog so that there is a release of water and peat
which may then flow over a considerable
distance.

bogaz Narrow, deep ravines and chasms in
karst areas, the products of limestone solution
along bedding planes, joints and fissures.

Bolling A short-lived LATE GLACIAL INTERSTA-
DIAL dated at about 12,350-12,750 BP.

bolson A low-lying trough or basin sur-
rounded by high ground and having a playa at
its lowest point to which all drainage trends.

Bond cycles Groups of very rapid global tem-
perature changes during the QUATERNARY, indi-
vidually called DANSGAARD—OESCHGER (D—0)
EVENTS, they are known as Bond cycles after
Bond er al. (1992 and 1993). Bond and co-
workers demonstrated that the D-O events,
identified in ICE CORE records, were also present
in the deep sea core record of ocean sediments.
This suggests a very strong likelihood of these
events having a climatic causation, and also
indicate complex ice-ocean—atmosphere link-
ages. DSGT

Reading and References

Bond, G. and 13 others, 1992: Evidence for massive
discharges of icebergs into the North Atlantic Ocean dur-
ing the last glacial period. Nature 360, pp. 143~7. - Bond,
G.C., Broecker, W.S., Johnsen, S., McManus, |,
Labeyrie, L., Jouzel, J. and Bonani, G. 1993: Correlation
between climate records from North Atlantic sediments
and Greenland ice. Narure 365, pp. 143-7. - Williams
M.AJ., Dunkerley, D., de Deckker, P.,, Kershaw, P.,
Chappell, J. 1998: Quarternary environments. 2nd edn.
London: Arnold.

bora From Latin boreas, the north wind. A
dry, cold, gusty, north-east wind which affects
the northern part of the Adriatic Sea and the
Dalmatian coast (see Jurcec 1981). Peak fre-
quency occurs during the months from October
to February and a maximum gust speed of
47.5ms~! has been recorded at Trieste. Two
types of bora are recognized: anticyclonic and
cyclonic, according to the atmospheric pressure
field. The term bora is now applied to similar
winds in other parts of the world, e.g. Oroshi in
central Japan (Yoshino 1976). AHP
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Reading and References

Atkinson, B.W. 1981: Mesoscale atmospheric circulations.
London and New York: Academic Press. - Jurcec, V.
1981: On mesoscale characteristics of bora in Yugoslavia.
In G.H. Liljequist ed., Weather and weather maps.
Stuttgart: Birkauser Verlag. - Yoshino, M.M. 1975
Climate tn a small area. Tokyo: University of Tokyo
Press. - —1976: Local wind bora. Tokyo: University of
Tokyo Press.

bore A tidal wave which propagates as a solit-
ary wave with a steep leading edge up certain
rivers. Formation is favoured in wedge-shaped
shoaling estuaries at times of spring tides. Other
local names include egre (England, River Trent),
pororoca (Brazil), mascaret (France). DTP

boreal climate In Képpen’s classification
scheme a climate which is characterized by a
snowy winter and warm summer, with a large
annual range of temperature, such as obtains
between 60° and 40° north.

boreal forest The northern coniferous zone
of the Holarctic. The most northerly section,
transitional to the TUNDRA4, is synonymous with
TAIGA. The southerly sections are frequently
made up of dense forest with closed canopies
permitting little light to reach the floor, which
possesses a variable cover of lichens, mosses and
herbaceous plants. Typical hardy and unde-
manding trees include spruce, fir, and hemlock,
with pine providing more open formations and
having a denser ground cover. The forest is
bounded approximately to the north by the
10°C July average isotherm and to the south
by areas with more than four months above
10°C. PAF

Reading
Larsen, J.A. 1980: The boreal ecosystem. New York: Aca-
demic Press.

boreal (period) Period of time which,
according to the BLYTT-SERNANDER division of
European peat stratigraphy, occurred during the
earlier part of the Holocene (approximately
8500 BP to 7500 BP) and was associated with
somewhat warmer and drier conditions than
occurred either immediately before or after-
wards. It is inferred that the relatively high
level of humification of peats associated with
this period is indicative of both higher tempera-
tures and lower precipitation levels. The inter-
pretation of regionally contemporaneous
climatic phases in the European Holocene is
based on characteristic raised bog stratigraphy
and associated pollen sequences, although the
rigid zonation implied by the scheme has now
been largely abandoned due to the recognition
that relationships between peat stratigraphy,
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pollen zonation and climate change are more
complex. MEM

bornhardt Distinctive hill with bare rock sur-
faces, dome-like summit and steep sides,
described from east Africa by German geologist
Bornhardt (1900) as INSELBERG now often take
his name. Usually in granite or gneiss, and
found on crRATONS and in deeply eroded ORO-
GENS. Notable groups include the ‘sugar loaves’
of Rio de Janeiro, Idanre Hills of Nigeria; similar
to exfoliation domes of Yosemite. Low porosity,
from metasomatic infusion of granite or gneiss
may cause resistance to DENUDATION. Often sur-
rounded by deeply weathered or less resistant
rocks, they emerge as ground surface is lowered
(Falconer 1912; Willis 1936; Ollier 1960; Tho-
mas 1978). Range from low shield inselberg to
high mountains, which could be formed by
repeated phases of weathering and excavation,
though King (1975) emphasized the role of rock
mechanics and the retreat of marginal slopes by
spalling of rock sheets. High bornhardts are
probably of great geological age. Bornhardt
rock surfaces are diversified by etch pits and
TAFONI. MFT
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Bornhardt, W. 1900: Zur Oberflichengestaltung und Geolo-
gie Deutsch-Afrikas, Berlin. - Falconer, J.D. 1912: The
origin of kopjes and inselbergs. Transactions Section C,
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boss A small batholith or any dome-shaped
intrusion of igneous rock, especially one
exposed at the surface through erosion of the
less resistant host rocks.

botryoidal Having a form resembling a
bunch of grapes, often applied to aggregate
minerals,

bottom-sets Beds of stratified sediment that
are deposited on the bottom of the lake or sea in
advance of a delta.

Bouguer anomaly A measure of the gravita-
tional pull over an area of the earth after the
Bouguer correction to a level datum, usually
sea level, has been applied.

boulder clay See TILL.



boulder train A stream of boulders derived by
glacial transport from a specific and identifiable
bedrock source, and carried laterally in a more or
less straight line, thereby permitting former
directions of ice movement to be inferred.

boulder-controlled slopes First described
by Bryan (1922, p. 43) from the Arizona
deserts. Bryan recognized slopes formed on
rock with a veneer of boulders and assumed
that the angle of the bedrock surface had
become adjusted to the angle of repose of the
‘average-sized joint fragment’. Measurements
have subsequently shown that boulder-covered
slopes exist over the range of angles up to about
37° and that the existence of a boulder cover
may be due to a number of causes. Melton
(1965) suggested that steep angles of the debris
(34°-37%) may occur at the angle of static fric-
tion of that debris, and that angles of around
26" may be related to its angle of sliding friction.
Where the boulders are core stones left by
removal of fine-grained saprolite of a former
regolith the boulders may lie at any angle up to
about 37" and they do not exert any control on
the bedrock slope which is essenually a relict
weathering front from the base of the regolith
(Oberlander 1972). Boulders may also lie upon
bedrock which has resulted from the develop-
ment of a slope angle in equilibrium with the
mass strength of the rock (Selby 1982). The
idea that the boulders control the angle of
the bedrock slope on which they lie is, therefore,
open to question in many cases. MJS
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Bryan, K. 1922: Erosion and sedimentation in the Papago
country, Arizona, with a sketch of the geology. US Geo-
logical Survey bulletin 730-B, pp. 19-90. - Melton, M.A.
1965: Debris-covered hillslopes of the southern Arizona
Desert — consideration of their stability and sedimentation
contribution. Journal of geology 73, pp. 715-29. - Oberlan-
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boundary conditions Many physical phe-
nomena can be modelled by mathematical
deduction leading to generalized equations; in
order to obtain simplified specific solutions to
these equations their applicability is deliberately
constrained by the definition of particular cir-
cumstances known as ‘boundary’ or ‘initial’
conditions (Wilson and Kirkby 1975, pp. 206~
7 and 222-5). In particular the solution of dif-
ferential equations requires definition of bound-
ary conditions so that expressions can be found
for the arbitrary constants resulting from integ-
ration of the equations.

BOUNDARY CONDITIONS

An example is the theoretical derivation of the
logarithmic velocity profile in turbulent flow.
The rate of change of velocity (v) with height
above the bed (y) — the ‘velocity shear’ — itself
decreases with height, according to the differen-
tial equation:

dv/dy-K/y

where K is a constant incorporating the bed
shear stress. The variation of velocity with
height is obtained by integrating this equation,
which gives:

v=Klny+C.

Here, C is a constant of integration. It can be
evaluated by specifying the boundary condition
that v = 0 when y = yy, so that:

0=Klny,+C
and therefore:
C=-KlIn Yo-

This is actually an initial condition, since the
height is defined at which the velocity is zero,
and negative velocities are assumed not to
occur. The velocity profile equation can now
be simplified by inserting the expression for C:

v=Klny- KInyg

=K1n (y/30).

This describes a curve plotting as a straight line
on a graph with a logarithmic height axis and an
arithmetic velocity axis; the intercept on the
height axis where v = 0 is yp, and the gradient
of the line is K (Richards 1982, pp. 69-70).

Theoretical models may require multiple
boundary conditions, some of which are neces-
sarily dynamic in order to provide realistic solu-
tions. The slope profile shape characteristic of
different types of slope process is modelled by a
partial differential equation in which the rate of
change of local slope sediment transport with
distance from the divide (x) equals the rate of
change of local slope surface elevation (y) with
time (7). To solve this equation and derive the
characteristic form of profile as a graph of y
against x, the initial conditions are: (a) the
divide is fixed at x = 0, and sediment transport
is zero at the divide; and (b) an initial slope
shape (y = f(x)) is defined from which the char-
acteristic form evolves.

A boundary condition then defines the slope
foot; this base level is fixed at xy, and although a
fixed base level elevation (y = 0 at x = x;) may
be set, a dynamic boundary condition may be
established in which y(x;) = f(z). Quite differ-
ent characteristic profiles will emerge from the
solution of the initial general equation according
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BOUNDARY LAYER

to the nature of this boundary condition, which
models the behaviour of basal erosion at the
slope foot. KSR

Reading and References

Richards, K.S. 1982: Rivers: form and process in alluvial
channels. l.ondon: Methuen. Sumner, G.N. 1978:
Mathematics for physical geographers. London: Edward
Arnold. - Wilson, A.G. and Kirkby, M.]. 1975: Mathe-
matics for geographers and planners. Oxford: Oxford Uni-
versity Press.

boundary layer When a fluid and a solid are
in relative motion the boundary layer is the zone
in the fluid closest to the solid surface within
which a velocity gradient develops because of
the retarding frictional effect of contact with
the solid. The fluid is at rest relative to the
solid immediately adjacent to the surface, but
with distance from the surface the frictional
effect diminishes and velocity increases, at a
rate dependent on the local flow characteristics.
The velocity gradient of the boundary layer
occurs in overland flow on hillslopes, river flow
in channels, the swash and backwash of bea-
ches, airflow over a desert dune, but also imme-
diately adjacent to a sand grain falling through
the water or air, where it is the relative motion
producing the boundary layer, rather than the
fluid motion over a static solid surface. The
diagram illustrates the development of a bound-
ary layer over a surface parallel to the direction
of motion within deep water flow. At the entry
point where flow begins over the surface, a lam-
inar boundary layer forms, but at some distance
downstream, this is replaced by a turbulent
boundary layer if the flow conditions are appro-
priate; that is, if the REYNOLDS NUMBER exceeds
about 2000. The boundary layer is “fully devel-
oped’ if the velocity profile extends to the sur-
face of the flow, which is normal in rivers. In a
deep fluid layer, however, the motion at some
distance from the surface is unaffected by the
boundary influence and the velocity is that of a
free, or external, fluid stream.

Within a laminar boundary layer viscous
forces within the flow are pronounced, and adja-
cent fluid layers are affected by the molecular
interference of the fluid viscosity. The velocity
increases with distance from the solid in an
approximately parabolic curve (Allen 1970, pp.
36-9). In a turbulent boundary layer, the pat-
tern of velocity increase with distance from the
bed is very complex. Close to the bed the fluid is
sufficiently retarded for viscous effects to be
pronounced and laminar flow occurs; this is
the very thin ‘laminar sublayer’. If grains on a
sedimentary surface are smaller in diameter than
the thickness of the laminar sublayer the flow is
‘hydrodynamically smooth’, and the grains are
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protected against entrainment. In the Hjur-
STROM CURVE, threshold velocities are seen to be
higher for silt and clay sizes than for sand sizes.
Above the laminar sublayer is a buffer zone
before the true turbulent velocity profile is
reached. In the turbulent boundary layer inter-
ference between fluid elements occurs at a scale
controlled by the depth of eddy penetration, and
measured velocity profiles indicate that velocity
increases with the logarithm of distance from the
surface (Richards 1982, pp. 68-72). Under the
BOUNDARY CONDITIONS defined above it is shown
that this relationship takes the form:

v=Kln (y/v)

where v is velocity, v i1s distance from the sur-
face, vg is the height where the velocity is zero,
and K is a constant which is equal to v,/K.
Here, K is the von Karman constant (0.4) and
v, is the ‘shear velocity’, defined as \ﬂ—o//)w.
This is a measure of the steepness of the velocity
profile which is dependent on bed shear stress
and water density. In hydrodynamically rough
conditions where grains are large relative to the
thickness of the laminar sublayer, y, equals one-
thirtieth of the Dgs grain diameter. If the above
equation is converted to common logarithms
and the expressions for K and vy are inserted,
the equation for the logarithmic velocity profile
in a hydrodynamically rough, turbulent bound-
ary layer, becomes:

v/v, = 5.75 log (v/Des + 8.5)

This equation may be used to fit to velocity
data from the lower 10-15 per cent of the
flow in order to project the curve to the bed.
The local bed shear stress can then be estim-
ated, as well as the velocity close to the bed
sediment at heights where measurement is
impractical, especially in the field. Note that
both the turbulent fluctuations and the rapid
increase of velocity above the bed material,



causing strong lift forces, which occur under
hydrodynamically rough bed conditions in tur-
bulent flow, are important factors in the entrain-
ment of sediment by the flow. KSR
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Allen, JR.I.. 1970: Physical process of sedimentation.
London: Allen & Unwin, - Leeder, M.R. 1982: Sedimen-
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in alluvial channels. London and New York: Methuen.

bounding surface isused to describe a break
between different primary sedimentary struc-
tures. Bounding surfaces may occur in a hier-
archy with major surfaces representing hiatuses
in deposition due to factors that include climate
change, and others representing hiatuses in
episodic deposition and/or the erosion of one
unit prior to deposition of the next. The term
is particularly used in describing aeolian de-
posits. DSGT

Reading

Brookfield, M.M 1977: The origin of bounding surfaces
in ancient aeolian sandstones. Sedimentology 24, pp. 303~
32. - Kocurek, GG. 1988: First order and super bounding
surfaces in eolian sequences: bounding surfaces revisited.
Sedimentary geology 56, pp. 193-206.

bourne A stream or stream channel on chalk
terrain that flows after heavy rain.

Bowen ratio is named after American astro-
physicist Ira §. Bowen (1898-1978). The ratio
of heat energy used for sensible heating (con-
duction, convection) to the heat energy used for
latent heating (evaporation of water, sublima-
tion of snow). Applicable to any moist surface,
the Bowen ratio ranges from near zero for ocean
surfaces to greater than two for desert surfaces,
with negative values possible. The Bowen ratio
is often employed in the surface energy balance
equation in order to estimate fluxes of latent
heat in the ‘Bowen ratio—energy balance’
method. AWE

Bowen's reaction series A series of minerals
which crystallize from molten rock of a specific
chemical composition, wherein any mineral
formed early in the chain will later react with
the melt, forming a new mineral further down
the series; the minerals formed under decreasing
temperatures of crystallization are more stable
in the weathering environment. ASG

brackish Pertaining to water which contains
salt in solution, usually sodium chloride, but
which is less saline than seawater.

BRAIDED RIVER

braided river A river whose flow passes
through a number of interlaced branches that
divide and rejoin. The term has been applied
both to short reaches where a river splits around
an island and to very extensive river networks on
valley bottoms or alluvial plains, the whole of
which may be criss-crossed by rapidly shifting
channels with freshly deposited sediment
between them. Braiding may be more apparent
at some low levels than at others. For example,
single channels of low sinuosity at high flows
may assume a braided pattern as channels
thread their way between sets of emergent
BEDFORMS at low flow. By contrast, single
channels may become multiple ones at high
flows as inactive channels are reoccupied and
developed.
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BRAIDED RIVER

The term ‘braided’ 1s applied in a general
sense to a whole family of multiple channel
river patterns some of which have recently
been given separate names. The term applies
particularly to ‘anastomosing’ and ‘wandering’
rivers. The former, as identified by D.G. Smith
in Canada, is a type of stable multi-channel
system developed under aggrading conditions
with levées and backswamps. They closely
resemble deltaic distributary channel patterns,
though they are found in some inland valleys.
It is confusing that ‘anastomosing’ was earlier
also used as an alternative for braiding in
the general sense. ‘Wandering’ rivers, first
identified in this sense by C.R. Neill, also in
Canada, may consist of alternate stable single
channel reaches and unstable multi-channel
‘sedimentation zones’. The term has also
been used as an alternative for patterns that are
transitional between meandering and braided.
Examples of these several variants or relations
to braided channel patterns are discussed in
chapters by D.G. Smith, M. Church, R.I.
Ferguson and A. Werritty in Collinson and
Lewin (1983).

Braided river patterns — in the general sense of
multi-channel systems — appear to be created in
various ways. Mid-channel bar development
may lead to division of the channel and enlarge-
ment of the bar by accretion, possibly with the
development of a vegetated island. Alter-
natively, migratory bars, exposed only at low
flows, may simply be exposed bedforms con-
tinually shifting at high flows by erosion and
accretion. Scour at channel junctions may be

important for the local entrainment of sediment
which is then redeposited as flows diverge again
down-channel. Overbank flood flows also scour
out new chute channels.

Particularly in view of the various channel-
dividing or multiplying processes involved, not
to mention the different kinds of pattern and
pattern change, it is not surprising that various
conditions and environments have been identi-
fied as conductive to the development of
braided rivers. These include high energy envir-
onments (with steep-gradient channels and
high or vanable discharges) and high rates of
sediment transport. It has been suggested that
the braided pattern is one form of channel
adjustment to prevailing hydraulic conditions,
though it is not yet possible to predict exactly
when and why braiding will occur. In general
braiding may be found in contemporary ice-
marginal gravel rivers (where fluctuating high
discharges, high sediment supply rates and
steep gradients may be combined) and in some
semi-arid sandy rivers (where at least the first
two may be common). Localized braiding, in
the form of semi-permanent islands, may be
widely found. Many of the world’s largest rivers
have braided lower courses. These include the
Amazon, the Brahmaputra and the Hwang He.
In North America, braided rivers are found in
the arid south-west, on the Great Plains, and in
glacier marginal environments in the Rockies
and Coast Ranges of Western Canada. In Brit-
ain, braided rivers are rare, with a few good
examples in Scotland but almost none elsewhere
(see CHANNEL CLASSIFICATION). JL

A braided river channel in the Rakaia valley, New Zealand. Such multi-thread channels tend to develop in areas with coarse

debris, relatively steep slopes and variable discharge.
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brash A mass of fractured rock that has been
weathered in situ, also applied to a mixture of
shattered rock or ice.

Braun-Blanquet scale Standard means of
measuring plant cover in a sample quadrat.
The phytosociological scheme was developed
by Josias Braun-Blanquet, a Swiss ecologist
(1884-1980), who devised this widely used
method for the quantitative description of vege-
tation COMMUNITIES and published it in his 1928
text book Pflanzensoziologie. The method is
based on a five-point scale accounting for plant
species cover abundance as follows:

5 Cover over 75%

4 Cover 50~-75%

3 Cover 25-50%

2 Cover 5-25%

1 Cover 1-5%

+ Species present but with negligible

cover

When cover values are computed for all the
species in a quadrat, and for a number of quad-
rats in a community, it is possible to arrange the
data in such a way as to identify typically recur-
ring groups of species, or plant ASSOCIATIONS.
Although not widely utilized by English-speak-
ing ecologists, the Braun-Blanquet scheme was
adopted in Europe and was influential in the
development of the theoretical principles
around the identification of plant associations
and communities. Braun-Blanquet developed
further five-point scales to account for, for
example, the constancy (presence) of species
within communities. Constancy is a measure of
the evenness or otherwise of species distribution
and may be expressed as the frequency of occur-
rence of particular species either in sample
quadrats within a community or in stands
between different communities, The scale is as
follows:

Frequency 81-100%
Frequency 61-80%
Frequency 41-60%
Frequency 21-40%
Frequency 1-20%

— 0 W =

Species classified as ‘1’ under this scheme are
regarded as ‘rare’, whereas those with a score of
‘5’ are ‘constant’. (See COVER, PLANT.) MEM

BRUCKNER CYCLE

breccia A rock that has been greatly fractured
into angular fragments, generally less than 2 mm
in diameter, by tectonic activity, volcanism or
transport over short distances.

brodel A highly contorted and irregular struc-
ture in soils which have been subjected to
churning by frost processes.

brousse tigrée Vegetation banding, which
may include grassland patterns but which gen-
erally consists of bands of more closely spaced
trees alternating with bands of sparser vegeta-
tion. Its nature and origin have been well
described thus by Mabbutt and Fanning
(1987, p. 41): ‘All are developed in arid or
semi-arid areas, in open low woodlands or tall
shrublands, with average annual rainfalls of
between 100 and 450 mm; they occur on slopes
of the order of 0.25%, too gentle for the devel-
opment of drainage channels, but steep enough
to maintain organized patterns of sheetflow;
these slopes are mantled with alluvium or collu-
vium and the patterns are independent of bed-
rock. The associated soils are earths, and
sandier crests or clay flats in the same areas do
not have tree bands. The bands of denser ve-
getation, termed ‘‘vegetation arcs’ run close
enough to the contour to serve as form lines;
hence they tend to be convex downslope on
interfluves and convex upslope in shallow drain-
age ways. In drier areas the banding may be
restricted to the better-watered depressions,
but 1t is commonly best-developed on low inter-
fluves, with the intervening depressions marked
by uniformly dense tree cover. Such tracts of
more concentrated sheetflow have been named
“water lanes”.

The bands commonly occur in fairly regular
sequences or ladder-like ““tiers” downslope, the
tiers being bounded by water lanes. Tree bands
may extend up to a kilometre, or more along the
contour, but in detail they are commonly slightly
irregular, ‘“‘burgeoning here and becoming at-
tenuated there; dying out and succeeding one
another en echelon™.

The downslope distance between bands
ranges from 70-500m, although it is mainly
between 100 and 250 m and the interband inter-
vals are commonly between two and four times
as wide as the bands.’ ASG

Reference
Mabbutt, J.A. and Fanning, P.C. 1987: Vegetation band-
ing in western Australia. Fouwrnal of ard environments 12,
pp. 41-59.

Briickner cycle A series of cold, wet seasons
followed by a series of hot, dry ones which recur
regularly over a period of about 35 years.
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BRUNE CURVE

Brune curve The empirically based formula
published by Brune (1953) linking the size of a
reservoir to its efficiency in trapping sediment
carried into it by streamflow. Brune used data
from 44 reservoirs of varying size, all in the
USA. He established a curve linking sediment
trap efficiency to the ratio of dam storage
volume C to the annual inflow volume I. This
showed that reservoirs having I/C ratios of
around 0.1 have trap efficiencies approaching
90 per cent for particles of silt size and larger.
The ratio used by Brune is proportional to the
average retention time of the impoundment,
and thus reflects opportunities for sediment par-
ticles to settle. DLD

Reference
Brune G.M. 1953: Trap efficiency of reservoirs. Transac-
tions of the American Geophysical Union, 34, pp. 407-18.

Brunhes—-Matuyama The magnetic polarity
epoch boundary (see PALAEOMAGNETISM) mark-
ing the major change or reversal in the Earth’s
magnetic field which occurred at around
730,000 years (determined by K~Ar dating) or
780,000 years before present (based upon dat-
ing using the oxygen-isotope record preserved
within sea-floor sediments). The Brunhes—
Matuyama boundary marks the change between
the Matuyama epoch when the magnetic field
was reversed and aligned south to north and the
present day Brunhes polarity epoch where the
magnetic field is aligned ‘normally’ (i.e. north to
south). DJN

brunizem A prairie soil developed under
grassland in temperate latitudes. Characteristic-
ally a brown surface zone overlies a leached
horizon which grades into a brown subsoil on
non-calcareous bedrock.

Bruunrule An empirical equation designed to
predict absolute horizontal shoreline recession
(#) arising from absolute sea level rise (s).

r=1Is/h

where / and & are the length and height of the
equilibrium cross-shore profile from beach crest
to offshore. Shoreline recession is caused by the
upward and landward movement of the cross-
shore profile as it moves to readjust to the
disequilibrium caused by a rise in sea level.
Measurements of / and 4 are difficult as the
seaward edge of the equilibrium profile has to
be established. This position (closure depth)
should relate to the start of onshore sediment
transport by waves, but is usually regarded as
variable depending on arbitrary definitions of
the maximum wave causing such transport.
The closure depth has in recent years come to
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be defined by some multiple of significant
storm-wave height associated with a return
period of n-years (Hands 1983). The original
study (Bruun 1962) related to measured profile
recession of Florida barrier-island shorelines
over twenty years. Schwartz (1967) thought
that the equation had universality sufficient to
indicate the status of a rule, but subsequent
work indicates that this is an overstatement.
Widespread use of the rule to establish building
set-back lines on eroding coasts by coastal man-
agers has been controversial. Doubts have been
expressed about the universal validity of such
cross-shore profile analysis when beach changes
are dominated by long-shore sediment supply.
The rule has been championed by workers with
experience mainly of the open barrier beaches
(i.e. USA). Recession of gravel-dominated
beaches on closed or crenellate coasts does not
conform to this absolute rule, though r and s
are positively correlated when cited as rates of
change (Orford er a/. 1991). It is important to
realize that sea level per se does not cause
recession; it is merely the datum upon which
waves and tides, which do the work of profile
alteration, operate. JO
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Bubnoff units provide a means for quantify-
ing rates of slope retreat or ground loss (perpen-
dicular to the ground surface). A unit equals
1 mm per 1000 years, equivalent to 1 m> km™>
(Fischer 1969). ASG
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buffer A solution to which large amounts of
acid or alkaline solutions may be added without
markedly altering the original hydrogen ion con-
centration (pH).

buffer strip A belt of vegetated land, gener-
ally running continuously along the banks of a
stream, and maintained with the intention of
protecting the stream habitat from disturbance



related to land use, perhaps agriculture or forest
logging, occurring beyond the buffer strip. Buf-
fer strips are commonly required by the legisla-
tion that governs timber harvesting in forests
that are also important for water supply. The
intention is that runoff water carrying eroded
soil will be slowed, and some of the eroded
particles trapped in the buffer strip, before
reaching and polluting the stream. Nutrients in
agricultural runoff may also be held in the soils
of the buffer strip. Strips of preserved forest are
commonly 20-100m in width, and may be
required along all perennial water courses in
the area being logged. Buffer strips are also
used to trap soil eroded from tlled fields, and
may take the form of grassed or wooded zones at
the hillslope foot (Daniels and Gilliam 1996).
Buffer strips may also serve as corridors of pre-
served habitat for wildlife, and by shading of the
water course may limit any rise in water tem-
perature that would occur following exposure to
solar heating.

Much attention has been paid to the width
required for efficient protection of the stream
habitat. Experimental work generally suggests
that a buffer of 30-50m offers useful protec-
tion. DLD
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buffering capacity A buffer is a chemical
compound that has the capacity to absorb or
exchange hydrogen or hydroxide ions, and that
allows the system to assimilate a limited amount
of these ions without changing appreciably in
pH. Buffering capacity is the quantitative ability
of a solution to absorb hydrogen or hydroxide
ions without undergoing a pronounced change
in pH.

Soils are more strongly buffered in comparison
with precipitation or freshwater. Different buf-
fering systems come into play at particular ranges
of soil pH. Carbonate minerals buffer soil pH
within the range > 8 to 6.2; silicates from 6.2 to
5.0; cation exchange capacity from pH 5.0 to 4.2;
aluminium from pH 5.0 to 3.5; iron from pH 3.8
to 2.4; and humic acids from pH 6 to 3. ALH

bulk density The relationship of the mass of
a soil or sediment to its volume, typically
expressed in g cm™?, using either a naturally
damp or oven-dried sample (from which the
wet and dry bulk density, respectively, can be
calculated). Bulk density is measured in the
laboratory from a sample which has been
extracted using an open-ended metal cylinder
of known volume. The cylinder is driven into

BUSH ENCROACHMENT

the ground, carefully removed, has caps placed
on either end, and is then stored in a polythene
bag. If the wet bulk density is required, the mass
of the sample is determined by subtracting the
weight of the cylinder plus caps from the total
weight of the sample, cylinder and caps. For dry
bulk density, the sample is carefully removed
from the cylinder, dried at 105 °C, and weighed.
In both cases, the volume of the sample can be
determined by measuring the radius and length
of the sampling cylinder. The bulk density can
then be determined by dividing the appropriate
weight by the original volume of soil. Dry bulk
density is a parameter used, along with the dens-
ity of particles within the sample, in determining
the porosity of a soil or sediment, with wet bulk
density used when estimating soil moisture
content. DJN

Reading
Rowell, D.1.. 1994: Soil science: methods and application.
Harlow: Longman. Pp. 67-9.

bush encroachment is the process whereby
shrubs come to dominate areas that previously
were largely open grassland or mixed grass and
woodland. It has been described from southern,
eastern and Sahelian Africa, Australia and
South America. The term is largely applied to
SAVANNA environments and has widely been
attributed to disturbances caused by the impact
of marked grazing pressure by domestic live-
stock (e.g. Walker er al. 1981). Bush encroach-
ment is seen as a major threat to sustainable
productivity in dryland pastoral systems, but
its occurrence and persistence can prove diffi-
cult to assess given the inherent temporal and
spatial variability of disequilibrium savanna eco-
systems (Behnke er al. 1993).

Several models have been expounded to
explain the process of bush encroachment.
Soil-based models (e.g. Walker and Noy-Meir
1982) assume that grasses have a competitive
advantage over shrubs and trees in tapping rain-
fall that infiltrates into the ground, the so-called
‘two-layer” model). Changes within soil
resources, in terms of the vertical distribution
of moisture and nutrients, may alter the balance
in favour of shrub species. Ecological models
(e.g. Westoby er al. 1989) place an emphasis
on changes in grazing strategies and in the
occurrence of fire, the latter seen as a natural
mechanism that suppresses the potential for
shrubs to become dominant. Clearly, soil and
ecological elements are interlinked and are both
affected by grazing patterns and natural events
such as droughts. Recent empirical research is
suggesting that soil water and nutrient distribu-
tion changes are not evident in areas where bush
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encroachment has occurred in central southern
Africa (Dougill er al. 1999), and that interac-
tions between fire regimes, grazing levels and
rainfall distributions are the key to understand-
ing the occurrence and potential persistence of
bush encroachment. DSGT
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bushveld The savanna lands of sub-Saharan
Africa, ranging from open grassland, through
parkland with scattered trees to dense wood-
land.

butte A small, flat-topped and often
steep-sided hill standing isolated on a flat
plain. Often attributed to erosion of an older
landsurface, the butte representing a remnant
or outlier.

BuysBallot'slaw An observer in the northern
hemisphere, standing with his back to the wind,
will have low pressure to his left and high pres-
sure to his right; the converse is true in the
southern hemisphere. This law was formulated
in 1857 by the Dutch meteorologist Buys Ballot.
(See also CORIOLIS FORCE; GEOSTROPHIC WIND.)

BWA

bypassflow The movement of water through
the soil along a pathway other than that pro-
vided by the microscopic pore spaces within
the soil matrix. Among the alternate pathways
that may be available are shrinkage cracks, fau-
nal burrows, and voids left following the decay
of plant roots. These may be classified as
‘macropores’, if > 1 mm in diameter. In many
cases, macropores occupy a few per cent of the
total soil volume, and a somewhat larger frac-
tion of the total void space present in the soil.
The significance of bypass flow is that the larger

66

conduits that carry the flow allow much faster
flow than is possible in the laminar conditions
arising in the ordinary network of soil micro-~
pores that are only pm in diameter. Con-
sequently, water may travel downslope towards
streams much more rapidly when the soil matrix
is bypassed. This allows rain water to provide a
greater contribution to channel flow than would
be possible if all flow were through the soil
matrix. Furthermore, there is less opportunity
for rapidly delivered water to have its properties,
such as acidity, moderated within the soil, since
the area of contact with the soil is small, and the
period of residence short. In areas affected by
acid rain, a major contribution to streams via
bypass flow may result in a rapid drop in pH
that is taxing for aquatic biota. Vertical bypass
flow may carry water downward through the soil
column rapidly, and result in very rapid water
table fluctuations. If there is a significant
volume of macropores that are not intercon-
nected, the filling of these may delay the onset
of runoff.

An important feature of bypass flow is that it
can transmit water rapidly through soils whose
matrix is not saturated. Normally, the hydraulic
conductivity of soils declines markedly as they
fall below saturation, since the largest pores
drain first, leaving only small pores to transmit
flow. The rapid transmission of water under
unsaturated conditions can also be achieved in
materials lacking macropores, through what has
been termed preferential flow (e.g. Stagnitti et al.
1695). This may involve concentrations of flow
along restricted paths through a medium that is
relatively homogeneous, which arise from
instabilities in the wetting front that may prefer-
entially wet-up “fingers’ of soil extending to con-
siderable depth. DLD
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bysmalith A plutonic plug or mass of igneous
rock which has been forced up into the overlying
rocks causing them to dome up and fracture.
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caatinga A form of thorny woodland found in
areas such as north-east Brazil, and character-
ized by many xerophytic species.

caballing The mixing of two water masses of
identical i situ densities but different i siru
temperatures and salinities, such that the result-
ing mixture is denser than its components. ASG

caesium-137 analysis The use of spatial pat-
terns of accumulation or depletion of the anthro-
pogenic isotope caesium-137 to determine rates
of sedimentation and erosion. Caesium-137
(**7Cs), a fallout product from thermonuclear
explosions, does not occur naturally. It decays
with a half-life of 30 years. *’Cs analysis
provides a means of rapidly assessing sediment
loss or accumulation rates through the decades
since 1954, when the isotope was first released
from weapons testing.

137Cs is delivered to the surface via precipira-
tion and gravitational settling, where it is
adsorbed strongly on clay and silt sized particles.
Thereafter, the isotope is redistributed as soil
particles are transported by erosion (Martz and
DeJong 1987). Assuming that the initial distri-
bution of 137 Cs across the landscape is relatively
uniform, areas with higher '3’ Cs contents indi-
cate depositional sites, while those with low cae-
sium-137 content are sites where erosion
processes are active. Stable sites should have
137Cs contents that reflect the initial input of
the radio-isotope, less the loss owing to radio-
active decay, and are used as reference locations.
Consequently, samples are collected for '*’Cs
analysis, and their caesium-137 contents related
to that of the reference site in order to examine
whether erosion or deposition has taken place.

The unit of radioactivity is the becquerel
(Bq), which is defined as one nuclear transition
per second, and '*"Cs concentrations are com-
monly expressed as milli becquerels per gram of
sample (mBq g~!) or converted to the area func-
tion of milli becquerels per square centimetre of
sample (mBq cm™?). KB
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Cainozoic (Cenozoic) A geological era span-
ning the Palaeocene, the Eocene, the Oligocene,
the Miocene, the Pliocene and the Pleistocene.
It was a time of climatic decline, possibly asso-
ciated with the breaking of the super-continent
of Pangaea into the individual continents we
know today, which moved into high latitudes
so that ice caps could develop. ASG

calcicole A plant which flourishes with a large
amount of exchangeable calcium in the soil.
Examples include wood sanicle (Sanicula euro-
paea) and traveller’s joy (Clematis vitalba). Plants
which clearly cannot tolerate such conditions are
calcifuge; examples include common heather
(Calluna wvulgaris) and most other ericaceous
plants. The effect of pH on mineral nutrition
appears to be the operative factor. KEB

Reading
Crawley, M.]. ed. 1986: Planz ecology. Oxford: Blackwell
Scientific.

calcifuge Any plant which grows best on
acidic soils, e.g. bracken.

calcite compensation depth is the critical
depth in the oceans below which the rate of
solution of the calcite crystalline form of calcium
carbonate exceeds the rate of deposition. Calcite
is chemically more stable than aragonite so that
the latter is markedly more soluble at given
temperatures and partial pressures of carbon
dioxide. The two crystal forms, therefore,

Subdivisions of the Cainozoic era

Date of beginning in
millions of years

Pleistocene 1.8
Pliocene 5.5
Miocene 22.5
Oligocene 36.0
Eocene 53.5
Palaeocene 65.0

Source: Berggren, W.A. 1969: Cainozoic stratigraphy,
planktonic foraminiferal zonation and the radiometric
time-scale. Nature 224, pp. 1072-5.
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have differential solubilities in ocean water.
Accordingly, the depth below which calcite dis-
solves, its compensation depth, is somewhat
deeper than that of aragonite. (See CARBONATE
COMPENSATION DEPTH.) MEM

calcite saturation index Measure of the
degree to which water contains dissolved cal-
cium carbonate in the calcite crystal form in
relation to the amount it contains at saturation
level. Saturation is, in turn, defined as the calcite
concentration above which point it comes out of
solution and is deposited. The index is calcu-
lated as the absolute concentration of dissolved
calcite in a sample of water, divided by the
saturation concentration for a given condition
of water temperature, pressurc, pH and partial
pressure of carbon dioxide. MEM

calcrete A type of near-surface DURICRUST,
predominantly composed of calcium carbonate,
which occurs in a range of forms from powdery
to nodular to highly indurated. It results from
the cementation and displacive introduction of
calcium carbonate into soil profiles, sediments
and bedrock, in areas where vadose and shallow
phreatic groundwater becomes saturated with
respect to calcium carbonate. The term is
synonymous with caliche and kunkur but dis-
tinct from other calcium carbonate cemented
materials including cave deposits (such as SPE-
LEOTHEMS), lacustrine STROMATOLITES, spring
deposits (such as TUFA or travertine), marine
deposits (such as BEACH ROCK) or cemented
dune sand (AEOLIANITE).

Calcretes are generally white, cream or grey in
colour, though mottling and banding is com-
mon. They are widespread in semi-arid areas
such as the High Plains of the USA, the Kala-
hari Desert, southern Africa, in north Africa,
Rajasthan, India and in western Australia,
where evapotranspiration is in excess of precipi-
tation. They can form by ecither pedogenic (soil-
forming) processes or by direct precipitation
from groundwater. Pedogenic calcretes develop
through a variety of stages from powdery vari-
eties to fully indurated hardpans, and typically
form at the land surface. In contrast, ground-
water calcretes may form at depths of several
metres, with sites of carbonate precipitation
linked to the water table position and to the
presence of landscape depressions such as
ephemeral lakes or palaeochannels. Carbonate
source materials can be distant or local, can be
moved either laterally or vertically to site of
precipitation, and include weathered bedrock,
surface runoff, dust, ground- and surface-water.
Important mechanisms leading to the precipita~
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tion of CaCOs; include evapotranspiration,
water uptake by soil organisms and shifts in
environmental pH to above pH 9.0. The mean
global chemical composition is 78% CaCOs;
12% silica, 3% MgO; 2% Fe,03; and 2%
Al,O3, although variations in chemistry may
occur dependent upon host sediment character-
istics, cement composition, the presence of
authigenic silica and silicates, the mode of origin
and stage of development. DN
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Watson, A. and Nash, D.J. 1997: Desert crusts and
varnishes. In D.S.G. Thomas ed., Ard zone geomorpho-
logy: process, form and change in drylands. Chichester: John
Wiley. Pp. 69-107. - Wright, V.P. and Tucker, M.E.
1991: Calcretes: an introduction. In V.P. Wright and
M.E. Tucker eds, Calcretes. Ozxford: International
Association of Sedimentologists/Blackwell Scientific. Pp.
1-21.

caldera A large, roughly circular, volcanic
depression. Calderas usually have a number of
smaller vents and can also contain a large crater
lake. The distinction between volcanic craters
and calderas is essentially one of size, one to
two kilometres being the lower limit for the
diameter of a caldera. Maximum diamecters are
in excess of 40 km. Calderas probably form in a
variety of ways, but most proposed mechanisms
attribute a primary role to collapse or subsi-
dence, which may be related to explosive crup-

tions. MAS
Reading
Francis, P. 1983: Giant volcanic calderas. Scientific

american 248, pp. 60-70. - Williams, H. and McBirney,
AR. 1979: Volcanology. San Francisco: Freeman,
Cooper.

calms Winds with a velocity of less than one
knot and which are represented by a force of
zero on the BEAUFORT SCALE.

calving The breaking away of a mass of ice
from a floating glacier or ice shelf to form an
iceberg or brash ice (small fragments). Large
tabular icebergs calve from ice shelves while
smaller icebergs and brash ice are commonly
produced by valley or outlet glaciers. Most cal-
ving is induced by stresses set up within the
floating ice mass by ocean swell. DES

cambering The result of warping and sagging
of rock strata which overlie beds of clay. The
plastic nature of the clays causes the overlying
rocks to flow towards adjacent valleys, produ-
cing a convex outline to the hill tops. Classic
examples of cambering occurred in the Pleisto-
cene when, under periglacial conditions, great
rafts of limestone or sandstone subsided over



lias and other clays along the escarpments
of southern England. Cambering is often
associated with the development of VALLEY
BULGES. ASG

canopy Usually taken to be the uppermost
stratum of woodland vegetation, the tree-top
layer, though the term may also be used for
any extensive above-ground leaf-bearing parts
of plants. Despite the obvious importance of
this zone in the interception of light and precip-
itation, and in the production of flowers, rela-
tively little work has been reported, presumably
due to practical difficulties. The role of the
canopy in the woodland light climate, and
therefore in tree regeneration and ground flora,
is a vital one: some 80 per cent of incoming
radiation may be intercepted in this zone and
10 per cent reflected from the upper leaves and
twigs.

KER
Reading
Crawley, M.]. ed. 1986: Plant ecology. Oxford: Blackwell
Scientific. Packham, J.R. and Harding, D.J.L.
1982:  Ecology of woodland processes. London: Edward
Arnold.

capacity /non-capacityload A classification
of the load of sediment being carried by a
stream, according to whether the stream has
excess (unsatisfied) capacity, in which case it
carries a non-capacity load, or is moving as
much material as available stream energy per-
mits (a capacity load). The figure shows that in
general sedimnent transport capacity declines for
increasingly large (and therefore heavy) par-
ticles. This is because a stone resting on the
bed experiences an entraining drag force exerted
by the water that is proportional to the area of
the stone facing into the current. But the same
stone experiences a retaining force (its weight)
that is proportional to its volume. Given that
for increasingl;z large stones, area increases
as (diameter)” while weight increases as
(diameter)aJ retaining forces outstrip drag. The
figure also shows a notional curve of sediment
supply, that suggests a similar decline in the
supply of materials of increasingly large size.
The bulk of the particles fed to most streams
come from soil erosion in the catchment and
along the channel banks, and are mostly fine.
Fine particles are light, and can easily be carried
in turbulent streamflow. The enormous capacity
for the transport of fine sediment is exemplified
by rivers carrying HYPERCONCENTRATED FLOWS.
Thus, most streams carry a non-capacity load of
fine sediments; this is clearly because, despite
their available capacity, they are only fed limited
quantities of fine materials by runoff from the

CAPILLARY FORCES

Transport capacity

Sediment supply

Transport capacity and sediment supply

Sediment particle size

catchment. Thus, the supply curve crosses the
capacity curve at some diameter Dgy. For
particles larger than this, which are harder to
transport, capacity generally lies below supply.
The size corresponding to this diameter is
approximately the silt/sand boundary
(0.063 mm).

Many streams flow on beds of pebbles, cob-
bles, and other coarse particles. The way in
which these materials move generates a number
of sedimentological features that further contri-
bute to their resistance to motion, and to their
involvement in non-capacity transportation.
These include ARMOURING, and cluster bed-
forms, in which smaller pebbles come to rest in
the quieter water just downstream of larger, sta-
tionary, ones. These lee-side clusters of particles
may be matched by upstream or stoss-side
accumulations that come to rest as the flow
passes up and over the obstacle clast that has
triggered the accumulations. Both lee-side
and stoss-side accumulations are protected
from the force of the water and thus are not
entrained. Imbrication, the geometric packing
of platy particles so that they rest one upon the
other, like a series of books that has been pushed
over, also contributes stability to the particles
concerned. DLD

Reading

Shen, H.W. 1971: Wash load and bed-load. In H.W. Shen
ed., River mechanics. 2 vols. Fort Collins: H.W. Shen.
Chapter 11, pp. 11-1 to 11-30.

capillary forces Essentially SURFACE TENSION
and adsorptive forces. Water will rise up a
narrow (capillary) tube as a result of adsorptive
forces between the water and the tube
surface and tension forces at the water surface.
These forces bind soil moisture to the soil
particles so that it is held in an unsaturated
soil at less than atmospheric pressure. This is
often called a SUCTION or tension and its strength
may be determined using a TENSIOMETER.

AMG

69



CAP-ROCK

Reading
Baver, L.D., Gardner, W.H. and Gardner, W.R. 1991:
Soil physics 5th edn. New York: Wiley. - Smedema, L.K.
and Rycroft, D.W. 1983: Land drainage. london:
Batsford.

cap-rock A stratum of hard, resistant rock
which overlies less competent strata and
protects them from erosion.

capture (orriver capture) The capture of part
of one drainage system by another system dur-
ing the course of drainage pattern evolution.
Interpretation of drainage networks in terms of
river capture was an integral feature of the Davi-
sian CYCLE OF EROSION and the distance to base
level or sea level, the exposure of easily eroded
rocks, or the effects of discharge increase follow-
ing climatic change could all be reasons why one
river was able to erode more rapidly and so
capture the headwaters of another. The
beheaded stream becomes a misfit stream as it
is now too small for the valley. River capture has
certainly featured prominently in the evolution
of world river systems and, for example, the
easternmost tributary of the Indus was captured
by the Ganges in geologically recent times,
transferring drainage from a large area of the
Himalayas from Pakistan to India. Knowledge
of the sequence of river capture is sometimes
necessary in the location of placer deposits
which are alluvial deposits containing valuable
minerals. Placer deposits from ore deposits may
occur in an area no longer directly connected to
the drainage system with ores outcropping in the

headwaters (Schumm 1977). KJG
Reference

Schumm, S.A. 1977: The fluvial system. Chichester:
Wiley.

carapace a. The upper normal limb of a
recumbent fold.

b. A soil crust which is exposed at the surface,
especially a surficial calcrete.

carbon cycle The ‘life’ cycle, carbon being
one of the three basic elements (with hydrogen
and oxygen) making up most living matter, Over
99 per cent of the earth’s carbon is locked up in
calcium carbonate rocks and organic deposits
such as coal and oil, both being the result of
millions of years of carbon fixation by living
organisms on land and in the oceans. The biotic
cycle is similarly split into terrestrial and oceanic
subsystems. Photosynthesis by pigmented
plants fixes the carbon dioxide from air and
water; almost half is returned by plant respira-
tion, the rest builds up as plant materials. The
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carbon is then returned to the atmosphere via
animal respiration or plant decomposition. Fos-
sil fuel consumption has increased atmospheric
COy, fairly dramatically in the past few decades
and is the basis of current concern over a GREEN-
HOUSE EFFECT. KEB

Reading

Bach, W., Crane, A]., Berger, A L. and Longhetto, A.
eds 1983: Carbon dioxide. Dordrecht, Holland: D. Reidel.
- Bradbury, LK. 1991: The biosphere. 1L.ondon: Belhaven
Press. - Goudie, A.S. 1993: The human impact. 4rd edn.
Oxford: Basil Blackwell.

carbon dating is the most widely used tech-
nique for dating carbon-bearing materials in the
age range 0-40,000 years, and is therefore used
in studies of late QUATERNARY palaeoenviron-
mental changes. It is based on measuring the
relative abundance of radioactive carbon 1S0-
ToPE (**C) in comparison to a stable carbon
1soTopE (12C). 1*C is continuously formed at
low approximately equilibrium levels in the
atmosphere from the interaction of cosmic-ray
neutrons with a stable isotope of nitrogen (}*N),
where it is oxidized into carbon dioxide. Varia-
tions in the atmospheric concentration of #C
are related to solar and other modulations of the
cosmic ray flux. Interactions in the atmosphere-
earth systems results in the fixation of carbon
into a variety of biogenic and inorganic forms
from where the radioactive decay of *C takes
place. The radioactive decay of *C occurs, via
emission of a beta (b-particle), as an exponen-
tially declining trend with a HALF-LIFE of 5730
years.

The actual measurement procedure com-
prises either the counting of radioactive (b-par-
ticle) decay events (commonly referred to as
conventional radiocarbon dating), or direct
counting of abundances of stable (!?C) and
unstable carbon atoms by accelerator mass
spectrometric (AMS) methods. A major disad-
vantage of conventional radiocarbon dating is
that only about 1 per cent of the '*C atoms in
a sample will emit a b-particle in about 80 years
— only a very small portion of the total sample
carbon content is therefore measured. As all the
carbon atoms present in a sample are counted in
the AMS method, the required sample size is
less by several orders of magnitude. Not only
does the AMS method’s small sample size
requirements (minimum size ¢, 100 micrograms)
provide access to a wider range of sample types
than conventional methods (e.g., individual
seed grains, included organic debris from rock
varnish layers), but it also allows determinations
to be made on separate chemical components
from within samples ~ some of which may
be more reliable for dating than others.



Ultimately both methods are limited by the half-
life of 1*C.

A variety of materials are datable by the radio-
carbon methods, many of which are in fact relat-
ively low in carbon content. While typically
scarce, charcoal, wood and macrofossil frag-
ments (including insects, chronomids and
other aquatic organisms, bones, molluscs and
snails) constitute the sample of preference for
dating. Additional datable animal remains
include faecal pellets, ivory, horn, hair and egg
shells.

Application of radiocarbon methods to soil
and sediment components has been an area or
considerable investigation and debate. This
relates to the open system nature of soils and
the corresponding high likelihood of introduc~
tion of old or young carbon-bearing compounds
and solutions via percolating groundwaters
or modern root penetration. Application of
radiocarbon methods to soil carbonates, and
discrete CALCRETE and TUFA deposits have
generally resulted in erroneous radiocarbon
ages. This has been attributed to the incorpora-
tion of old carbonate in percolating ground-
waters.

While the basic assumptions of the radiocar-
bon method are sound, a number of complicat-
ing factors must be considered in order to
guarantec the generation of accurate absolute
dates. Isotopic fractionation resulting from
metabolic processes causes different kinds of
samples to exhibit slightly different initial *C
activities to that of the atmospheric carbon
dioxide reservoir from where it was derived.
As the fractionation of the stable carbon
isotopes (13(:/12(]) i1s proportional to that of
the ratio 14C/lZC, it is possible to use the
ratio of the more abundant and more easily
measured stable isotopes to estimate, and
correct for, the degree of fractionation within
any given dating.

A further complication to radiocarbon dating
lics in the need for calibration of the dates pro-
duced to determine absolute ages. This is
necessary because the assumed constant 4C
production rate (and therefore also the atmo-
spheric ratio of 4C/'?C) is only approximately
true due to subtle changes in the cosmic ray
flux. Calibration is achieved by comparison to
absolute chronologies generated from tree-
rings, VARVES and from URANIUM SERIES dates
on CORAL ALGAL REEFS.

In addition to correction for fractionation
and calibration it is necessary to consider non-
systematic factors which may influence radio-
carbon evaluations for a given suite of samples.
These include contamination from intrusion of
younger material (e.g. roots, humic acids, bac-
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teria), or the introduction of older materials; the
‘hard-water effect’ whereby ecological and
hydrological systems fed by groundwater con-
taining dissolved fossil carbonates produce
organic materials (e.g. sapropels, shells) which
are effectively depleted in !*C; and, the young
age range of the method burning of *C-free
fossil fuels and the generation of *C by atmo-
spheric testing of nuclear devices has resulted
in competing effects which limit the generation
of radiocarbon dates over the last few centu-
ries. N

Reading

Gehy, M. and Scheicher, H. 1990: Absolute age deter-
mination: physical and chewmical dating methods and their
application. New York: Springer-Verlag.

carbon dioxide problem Although the
GREENHOUSE EFFECT and its enhancement by
human actions is widely viewed as a major envir-
onmental issue, the so-called carbon dioxide
problem which it is commonly associated with
may also be viewed as a construct of computer-
driven GENERAL CIRCULATION MODELLING. Some
of these predict that a doubling of the atmo-
spheric CO, concentration will enhance the pla-
net’s natural greenhouse effect to such an extent
that it will lead to catastrophic global warming,
which could melt the polar ice caps, flood
coastal lowlands, produce simultaneous floods
and droughts, cause havoc with agriculture, and
lead to all manner of economic, social and
political instability. Because of these dire
potential consequences, CO, is often portrayed
as a pollutant in the popular media, as on
television, for example, where global warming
is frequently discussed against a backdrop of
industrial smokestacks spewing out ominous
columns of smoke and ash. But, is there
any justification for this verbal and visual abuse
of CO,, and is there any alternative perspect-
ive?

As defined in Webster’s New Umiversal Un-
abridged Dicrionary, a pollutant is something
that makes things foul or unclean; i.e., pollu-
tants taint, contaminate and defile things. In
the case of carbon dioxide, however, we have a
colourless odourless gas that cannot be seen nor
smelled. It currently comprises only 0.036% of
the air we breathe (Houghton et al. 1996); and
although there is very little of it in the atmo-
sphere, it is vital for nearly all forms of life.
Without it, in fact, we would not be here, as
carbon dioxide is the principal ‘food’ that plants
use to construct their tissues ( Wittwer 1995),
which we either consume directly or indirectly
when we eat animals that have fed upon them.
Consequently, it is clear that carbon dioxide
does not contaminate or defile things; it actually
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enhances and makes possible the very existence
of life on earth. By all counts, then, CO, would
seem to be just the opposite of a pollutant.
Indeed, it is a vital atmospheric ingredient that
makes our planet liveable and a veritable biolo-
gical jewel in an immense sea of abiotic inter-
stellar space (Idso 1995).

In view of these facts, it should not be surpris-
ing that not all scientists are overly concerned
about the ‘CO; problem’, for there are no hard
data to confirm the ominous predictions of the
climate models. Furthermore, the air’s CO;
content is known to have been several times
higher than it is today in times past, without
causing deleterious climatic effects. In fact,
past climatic warm regimes have typically been
referred to as ‘optimum’ periods of earth’s cli-
mate history. In contrast to this muddled state
of affairs on the climate side of the issue, there is
no shortage of empirical data to demonstrate the
direct biological benefits of increasing atmo-
spheric CO, on vegetation. Kimball (1983a,
1983b), for example, produced two large
reviews of this phenomenon which revealed
that, on average, most agricultural and horticul-
tural plants exhibit a 33% increase in productiv-
ity for an atmospheric CO, enrichment of
300 ppm. And in reviewing the plant science
literature of the subsequent decade, Idso
(1992) analysed the results of 342 peer-
reviewed scientific journal articles that con-
tained 1087 individual observations of plant
responses to CO, enrichment, finding that a
300ppm increase in atmospheric CO;
enhanced plant productivity by an average of
52%.

In conclusion, although some scary theoreti-
cal scenarios involving CO;-induced global
warming have been produced by computer-dri~
ven climate models, the bulk of the hard scient-
ific evidence would suggest that the increasing
level of atmospheric CO; is not a problem, as
CO; certainly is not a pollutant, but the primary
—indeed, essential — raw material that is respon-
sible for supporting nearly all life on earth. Per-
haps the real carbon dioxide problem is that
there still is not enough of this biological elixir
in the air to bring the productivity of earth’s
vegetation back to its historic optimum of
bygone years. KEI
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carbonate compensation depth The criti-
cal depth in the oceans below which the rate of
calcium carbonate solution exceeds that of
deposition. It has long been observed that cal-
cium carbonate remains of planktonic organ-
isms are restricted to ocean floors above a
certain depth. Below around 4000 to 5000 m
in the Pacific, and somewhat deeper in the
Atlantic and Indian Oceans, the calcium carbo-
nate tests of plankton are dissolved. Controlling
factors include pressure, partial pressure of
dissolved carbon dioxide, temperature and pH.
The solubility of calcium carbonate increases
as the water temperature drops and, since
ocean bottom water is relatively cold (2 to 3
degrees Celsius) and has higher pressures and
carbon dioxide concentrations and correspond-
ingly lower pH, this means that, in general,
calcium carbonate goes into solution at such
depths. (See also CALCITE COMPENSATION
DEPTH.) MEM

carbonation The reaction of minerals with
dissolved carbon dioxide in water. The process
is dominant in the weathering of limestone,
since rainwater contains a small proportion of
carbon dioxide (0.03 per cent by weight) and
thus acts as weak acid dissolving limestone rock.
The conventional chemical reaction is shown in
the following formula:

CO, + H,0 + CaCO; = Ca(HCO,),

The Ca(HCO3), molecules have never been
detected in solution and, while the product of
carbonation is well known, the chemical process
is not fully explained by this conventional
equation (Picknett er al. 1976). PAB
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carnivore An animal-eating mammal of the
order Carnivora, which depends solely on
other carnivores or HERBIVORES for its food,



and which is located in the higher TROPHIC
LEVELS of ecological systems. Carnivores may
be predators (e.g. the lion or wolf among the
large land animals, many species of beetles, mol-
luscs, centipedes and mites among the smaller);
scavengers, such as jackals and seagulls; or ani-
mal parasites, including a wide range of bac-
teria, protozoa, nematodes and winged insects.
Excepting the parasites, most carnivores are not
restricted to a single species for their food
supply; their ranges accordingly tend to be lar-
ger than those of the animals on which they
depend.

DW

carrying capacity Represents the population
size which the resources of an environment can
just maintain without a tendency to decrease or
increase. Begon et al. (1986, p. 209) explain it
thus: ‘As population density increases, the per
capita birth rate eventually falls and the per
capita death rate eventually rises. There must,
therefore, be a density at which these curves
cross. At densities below this point, the birth
rate exceeds the death rate and the population
increases in size. At densities above the cross-
over point, the death rate exceeds the birth rate
and the population declines. At the cross-over
density itself, the two rates are equal and there is
no net change in population size. This density
therefore represents a stable equilibrium, in
that all other densities will tend to approach it.

Per capita birth rate

et e . o— — — —

Per capita mortality rate

Density

CATACLASIS

In other words, intraspecific competition,
by acting on birth rates and death rates, can
regulate populations at a stable density at
which the birth rate equals the death rate.
This density is known as the carrying
capaciry of the population and is usually denoted
by K. ASG
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carse
estuary.

A flat area of alluvium adjacent to an

cascading systems See SYSTEMS.

case hardening The feature or process of
formation of a hard, resilient crust on the
surfaces of boulders and outcrops of soft, por-
ous rock through the filling of voids with natural
cement. The cement may consist of a range of
different materials, including iron and manga-
nese oxides, silica and calcium carbonate.
Beneath the hard surface the rock may be weak-
ened, so that if the crust is breached, cavernous
weathering may occur. ASG

cataclasis The process of rock deformation
accomplished by the fracture and rotation of
mineral grains, as in the production of a crush
breccia.

Carrying capacity. Density-dependent birth and mortality rates lead to the regulation of population size. When both
are density-dependent (a), or when either of them is (b and ¢), their two curves cross. The density at which they do so is
called the carrying capacity (K). Below this the population increases, above it the population decreases: K is a stable
equilibrium. But this figure is a mere caricature of real populations.

Source: Begon er al. 1986, p. 210. Figure 6.5.
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cataclinal Pertaining to a stream or river
which trends in the same direction as the dip
of the rocks over which it flows.

catastrophe/catastrophism In general use,
the word catastrophe can be applied to any
major, normally short-lived and sudden, misfor-
tune leading to widespread change. Cata-
strophes can be found in both the physical and
human environments, physical examples being
storm surges, floods and hurricanes. In terms of
catastrophe theory, however, catastrophes are
more precisely defined events which affect sys-
tems and cause their organizations (Thom
1975). This varied use of the word catastrophe
springs in part from the changing development
of ideas, especially of those relating to earth
history.

Catastrophism is a mode of thought that
ascribes important change in the physical envir-
onment to the action of catastrophic events. It is
often placed in direct opposition to the doctrine
of UNIFORMITARIANISM which basically ascribes
change in the physical environment to small-
scale, commonly acting processes (see Gould
1984 for a more comprehensive description of
the varied meanings of uniformitarianism).

The origins of catastrophism have often been
traced to Baron Georges Cuvier (1769-1832).
Cuvier was primarily a palaeontologist and he
brought catastrophic ideas to the attention of his
fellow geologists. The use of catastrophic epi-
sodes to explain earth history was necessitated
by current religious and scientific views which
held that the history of both rocks and the living
world should be subsumed within biblical his-
tory. Two important data levels were revealed
from the Bible, i.e. the Deluge and the Creation.
Cuvier came to the conclusion that in order to
incorporate the events revealed in the strati-
graphic record, given a relatively short ordained
time span of 75,000 years for the total history of
the earth as accepted by most scientists at that
time, sudden catastrophic changes needed to be
invoked. Extinctions and structural discor-
dances could only be explained in these terms.
Cuvier’s ideas were therefore at variance with
those of James Hutton (1726-1797) who is
regarded as one of the fathers of uniformitarian
views.

Charles Lyell (1797-1875) somewhat
unjustly saw catastrophism as being unscientific
in its approach (Benson 1984). He was the first
main exponent and propagator of uniformitar-
ian views in the geological world and as a result
of his persuasive arguments and those of others,
uniformitarian views have dominated the study
of geology and other earth sciences for over 100
years. Darwin’s acceptance of uniformitarian
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views had great effect on his ideas on the pro-
gress of evolution.

Catastrophism and uniformitarianism can
therefore be seen in their extreme forms to be
two ends of a spectrum of approaches to
explaining the physical environment. The devel-
opment of ideas on the environment is, in part,
affected by human history and cultural events
which affect the way in which people think and
view the world. When war and revolution are
common, for example, catastrophic explana-
tions of a variety of phenomena are likely to
come into vogue.

In more recent years catastrophism has once
again become accepted as a valuable explana-
tory tool. In palacontology and biology, for
example, the idea of ‘punctuated equilibria’
(1.e. discrete, sudden changes in species as
opposed to gradual evolution) has gained sup-
port (Gould and Eldridge 1977) and there have
been many explanations of past mass extinctions
invoking catastrophic events.

Many geomorphological features can be most
satisfactorily explained by recourse to cata-
strophic ideas (Dury 1980). A classic example
of this is provided by the work of Bretz on the
channelled scablands of eastern Washington.
Bretz suggested in 1923 that these scablands
could best be explained by the action of a single
gigantic flood over a period of only a few days.
Bretz’s views did not achieve much recognition
when they were published but they have since
been shown to be broadly correct. Analogous
features have recently been discovered on the
surface of Mars and similar catastrophic expla-
nations have been put forward to account for
these.

Neocatastrophic views in the earth sciences
have been strengthened by the development of
catastrophe theory (Thom 1975). This com-
plex, mathematical theory accounts for sudden
changes in systems and may be used for model-
ling. Its potential has been recognized by several
geomorphologists (e.g. Graf 1988), but it has
received much criticism from mathematicians
and its complexity has baffled many earth scien-
tists.

Huggett (1990) provides a useful review of
the history of catastrophism and its importance
to biology, geology and geomorphology. It is
clear that most environmental systems are
affected by both catastrophic and gradual
changes and the ideas of NON-LINEAR SYSTEMS
recently introduced to the earth sciences
attempt to include all such changes. Indeed,
Huggett goes as far as to suggest that ‘over the
next few years catastrophic and gradual change
will be unified by the theory of non-linear
dynamics’ (Huggett 1990, p. 200). HAV
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catchment control The adjustment and
arrangement of land use in a catchment so that
as far as possible an appropriate quality and
quantity of water suitable for distribution
throughout the year can be ensured at minimum
cost to the community. ASG
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catena A sequence of contrasting soils formed
along a topographic slope, which have acquired
their different characteristics from differences in
soil drainage, leaching, MICROCLIMATE erosion
and depositional processes, and other factors
which vary with slope position. The term was
introduced by Milne (1936). In a catena, soils
on steep upper sites may be well-drained and
better aerated, and may lose easily erodible par-
ticles by water transport to flatter sites down-
slope where they come to rest. Footslope
conditions may be generally wetter, less well
drained and aerated, and the soils perhaps dee-
per owing to deposition of eroded materials,
though very fine particles may leave the slope
altogether. Soil differences of this kind can be
further accentuated by associated differences in
plant cover, soil biota, biological mixing, and in
the supply of organic materials to the soil. The
differentiated soils that make up a catenary
sequence are often derived from the same parent
materials and developed under the same cli-
matic conditions. There may be differences
in features like stone content, and in the sizes
of rock partcles found within the soils, if

CATION EXCHANGE CAPACITY

these materials are sorted during downslope
migration from an outcrop near the crest.
Along the catena, the upper layers of soils are
most mixed by biota, and most susceptible to
slope wash. Thus, along lower parts of the
catena, the soils may be composed of relatively
immobile lower layers derived primarily from
the underlying bedrock together with mobile
upper layers in which the material is actually
undergoing progressive downslope movement.
DLD
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cation exchange The interchange of cations
between ADSORPTION sites on CLAY particles or
organic matter, and the soil water. Clay particles
generally carry a negative surface charge, which
holds cations adjacent to the surface; many ions
are also held in the interlayer spaces between the
sheets which make up clay minerals. There are
similar sites on organic macromolecules
where cations can be held. Since most soils con-
tain both clays and organic materials, cation
exchange is often thought of as arising on the
‘clay~-humus’ complex. The enormous surface
area of clays, reaching hundreds of square
metres per gram, is the other reason that clays
are so important in retaining cations in the soil.
The most important ions held are Na*, KT,
Ca®" and Mg>", these being important plant
nutrients, and the amounts held are expressed
by the CATION EXCHANGE CAPACITY (CEC). In
the soil, roots, root hairs, and MYCORRHIZAL
FUNGI extract ions from the soil water. This
increases the concentration gradient near the
soil exchange complexes and additional ions
are exchanged into solution, often with H+- tak-
ing their place. In soils affected by acidic
precipitation, cation exchange is involved in
the neutralization process, but this depletes the
store of macronutrient cations available in
the exchange complex. DLD
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Cresser, M., Killham, K. and Edwards, T. 1993: Soi/
chemistry and its applications. Cambridge: Cambridge
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cation exchange capacity A measure of the
ability of the soil exchange complex, which con-
sists of clays and organic matter (see CATION
EXCHANGE), to supply the ions K*, Na*, Ca?*
and Mg®>" to the soil water. Cation exchange
capacity (CEC) is determined in the laboratory
by chemically extracting all of the available
cations. It normally increases with the clay
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content of the soil, and is also influenced by the
soil pH, not least because in acid soils, H" occu-
pies some exchange sites. Commonly, amounts
of the main cations held in exchange sites amount
to 10-100 me (milli-equivalents) per 100 g of dry
soil. Frequently, somewhat larger amounts are
additionally held on the soil organic matter.
Soils where the CEC is dominated by sodium
are termed sodic soils and can be dispersible
and unstable when wet. High CEC is associated
with elevated soil mechanical strength. DLD

Reading
Brady, N.C. and Weil, R.R. 1996: The nature and
properties of soils. 11th edn. New Jersey: Prentice-Hall.

cation-ratio dating Biogenic ROCK VARNISH
coatings or patinas formed on surface boulders,
rock engravings and surface artefacts provide an
opportunity to obtain chronological control on
the timing of exposure of underlying surfaces.
Such surface varnishes are common in DRY-
LANDS and may exhibit a detailed microstratigra-
phy when examined in thin section. As the ages
thus established relate to the timing of COLONI-
zATION of exposed substrates they represent
minimum ages of surface formation. The
method is based on the observation that the
ratio of certain cations ([potassium and cal-
cium]/titanium) in varnish decreases with age.
It is generally accepted that this is the result of
preferential leaching of the more mobile potas-
sium and calcium. The minimum age range of
the method relates to the time required for
initiation of a visible rock varnish. Visible
varnishes form over periods of the order of a
few thousand years while incipient varnish
development may be observed microscopically
over as little as a hundred years.

While the cation-ratio method requires cali-
bration to other techniques to derive absolute
age estimates, the relatively low costs (compared
to AMS RADIOCARBON DATING Or COSMOGENIC
methods), its high speed of analysis, and ability
to generate relative or absolute chronologies in
varnishes which do not contain sub-varnish
organic matter mean that the method has con-
siderable utility despite its numerous limita-
tions. Ss
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causality The relationship between events in
which a second event or configuration (B) can
be seen as the product of a prior event (4): in
other words A is cause and B is effect. A simple
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causal relationship is one where B is only and
always the result of A: an obvious example is the
reaction of litmus paper to the application of an
acid solution.

In physical geography — and in historical
science in general — causality can rarely be estab-
lished in a simple experimental fashion, but has
to be inferred by repeated observations of 4 and
B. Several problems arise. First, the joint occur-
rences of A and B may be fortuitous and there
may be no physical connection between them.
Secondly, both A and B may be responses to
some other, truly causal event or variable, C,
and the apparently direct causal link between
them misleading. Thirdly, A may be a necessary
but not a sufficient cause of B, i.e. some further
agency or group of agencies is involved.

It is particularly difficult to infer causality with
certainty when observations are spatially contig-
uous or coincident, although similar problems
arise with temporal sequences.

causse A term synonymous with Kkarst,
derived from the name of the limestone land~
scape of the Central Massif of France.

cave A natural hole or fissure in a rock, large
enough for a man to enter. Although caves can
be found in any type of rock, they are most
common in limestone regions and are formed
by solutional processes of joint enlargement.
Caves can be either horizontal or vertical in
general form; the latter are usually termed pot-
holes. Those produced by solutional processes
are normally initiated (i.¢. by joint enlargement)
in the saturated or phreatic zone. Lowering of
the water table allows normal stream or vadose
conditions to cut canyons in the more circular
phreatic cave tubes. Thus, compound cave
cross-sections can result: in this specific case a
kevhole-shaped passage is produced. (Indeed,
the 20km cave Agen Allwedd in South Wales
is named from the Welsh: Keyhole Cave.) Solu-
tional processes alone do not account for all
limestone cave systems; often, when the water
table lowers, the overburden of rock, now no
longer supported by a water-filled cavity, col-
lapses, producing extensive boulder falls in
cave passages.

The general pattern of a cave system depends
not only on the processes which have led to its
formation but also on the regional jointing, fold-
ing and faulting. Caves develop along lines of
weakness and the structural geology of the area
will dictate the plan and depth of a cave almost
as much as fluctuations in the water table.

Solutional caves can also form in rock salt,
although such cavities usually form as isolated
chambers rather than integrated cave passage



networks. Ice too can provide solutional cave
systems; some systems can be very long lasting
(Bull 1983).

Although caves can also be produced by tec-
tonic activity (which is regularly referred to in
textbooks as a viable mechanism of cave forma-
tion), in practice they are few and far between.
They form as cavities on the limbs and crests of
tightly folded rocks but normally only very small
recesses are formed, never long cave systems.

The largest of the cave systems formed in
non-karstic rocks (PSEUDOKARST) are found in
lava. Well-documented, long cave systems exist
in Hawaiian lava flows ( Wood 1976), sometimes
exceeding 10 km in passage length. They are not
of course the results of solutional processes but
rather products of heat loss at the edges of lava
flows, with corresponding continual flowing of
molten lava in the core of the flow. Repeated
eruptions utilize the same passages to transport
their lava along these gently dipping tubes, per-
petuating the lava cave system. PAR
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cavern See CAVE.

cavitation Occurs in high velocity water
(above 8-16ms™!) in irregular channels, when
local acceleration causes pressure to decrease to
the vapour pressure of water and airless bubbles
form. Subsequent local deceleration and
increased pressure result in bubble collapse.
This process is a manifestation of the conserva-
tion of energy; increased kinetic energy during
flow acceleration is balanced by decreased pres-
sure energy (see GRADUALLY VARIED FLOW). The
bubble implosion generates shock waves that
erode adjacent solid surfaces like hammer
blows. Cavitation erosion occurs in waterfalls,
rapids, and especially in subglacial channels
where velocities of 50 m s~! have been observed
(Barnes 1956). Typical erosional products are
pot-holes and crescent-shaped depressions
called sichelwannen. KSR

Reference
Barnes, H.L.. 1956: Cavitation as a geological agent.
American journal of science 254, pp. 493-505.

cellularautomata An approach to distibuted
numerical modelling in physical geography
which explicitly recognizes that in many
SYSTEMS, feedbacks between components of a
system are spatially distributed, This follows

CHANNEL CAPACITY

from basic conservation laws, and notably the
CONTINUITY EQUATION. For example, if one area
of a bed of a stream erodes then the eroded
material may well be available for deposition
further downstream. Cellular automata have a
number of key aspects: (1) process rules that
apply to each cell; (2) strong dependence of
these cell properties; (3) feedback between cell
properties and process operations at the cell
level; and (4) process rules that connect cells
to one another. Despite widespread application
in the physical and biological sciences in gen-
eral, applications in physical geography are
more unusual. A good example is provided by
Murray and Paola (1994) who developed a cel-
lular automata model for a BRAIDED RIVER. Their
model divides the river into cells in the cross-
stream and downstream directions and has: (1)
a discharge-based BEDLOAD EQUATION; driven by
(2) the DISCHARGE passing through each cell;
which causes (3) the bed elevation of the cell
to increase (where more sediment is supplied to
the cell than can be transported) or decrease
(where less sediment is supplied to the cell
than can be transported); and where the dis-
charge and sediment leaving any one cell is rou-
ted downstream, whilst being distributed
laterally according to prevailing bed slope. The
model produced sensible behaviour when tested
using a range of specially developed quantitative
methods. Cellular automata reflect one of the
basic principles of any numerical model: they
seem to have just enough process representation
to capture the fundamentals of system beha-
viour. However, some view them as just another
form of distributed numerical modelling, whilst
others are concerned about the simplicity of
process representation, and recognize the possi-
bility that these models produce reasonable
representations of real systems, but not necessa-
rily for the right reasons. Nevertheless, these
models may have much potential in any
dynamic environmental system with strong spa-
tial connectivity between system components.
SNL

Reading and Reference

Murray, A.B. and Paola, C., 1994: A cellular model of
braided rivers. Narure 371, pp. 54-7. - — 1998: Properties
of a braided stream model. Earth surface processes and
landforms 22, pp. 1001--25.

Cenozoic See CAINOZOIC.

cerrado A form of savanna vegetation, com-
prising grasses, small trees and tangled under-
growth, found in Brazil.

channel capacity The size of the river chan-
nel cross-section to bankfull level, usually
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expressed as the cross-sectional area in square
metres. Various possible definitions of the bank-
full capacity have been used (Williams 1978),
referring to: the heights of the valley flat, the
active floodplain, the benches within the
channel, the highest channel bars, the lower
limit of perennial vegetation, the upper limit of
sand-sized particles in the boundary sediment or
the elevation at which the WIDTH-DEPTH RATIO
becomes a minimum, where there is a
first maximum of the bench index (Riley 1972),
or the relation of cross-sectional area to top
width changes. Williams concludes that the
bankfull level to the active floodplain level is
the most useful to the fluvial geomorphologist,
whereas the banks of the valley flat are the most
important to engineers. Many river channels
have a compound cross-section in which it is
difficult to determine exactly which of the sev-
eral levels signifies the capacity level which is
equivalent to bankfull stage defined elsewhere,
and the sharp limits of lichen growth have been
shown to allow the consistent identification of
channel capacities from one area to another
(Gregory 1976). Because some channels are
incised into their floodplains and some are com-
pound in cross-section it has been suggested
that an active channel can be recognized within
the bankfull capacity channel (Osterkamp and
Hedman 1981). The upper limit defining the
active channel is a break in the relatively steep
bank to the more gently sloping surface
beyond the channel edge and this break in

REFERENCE LEVEL

~— ——— Bankfull (C-C")
-——— Active channet (B-B")

Depositional bar {A-A")

Channel capacity. Commonly used reference levels.

Source: ER. Hedman and W.R. Osterkamp 1981: Streamflow
characteristics related to channel geometry of streams in western
United States. US Geological Survey water supply paper 2193,

78

slope normally coincides with the lower limit of
permanent vegetation. The section of channel
within the active channel is actively, if not
totally, sculptured by the normal process of
water and sediment discharge.

A definition of channel capacity is necessary
before measurements of cross-sectional area can
be related to values of drainage area or dis-
charge. The size of channel at a particular loca-
tion is related to a range of channel-forming
discharges which have often been approximated
by a single BANKFULL DISCHARGE or DOMINANT
DISCHARGE value. Most recent research has
shown how a range of flows acting upon the
locally available bed and bank sediment will
determine the size of channel capacity. In New
South Wales it has been shown that a range of
flows (recurrence interval 1.01 to 1.4 years on
the annual series) affects the bedforms in the
channel and a less frequently occurring range
of flows (recurrence interval 1.6 to 4 years) is
responsible for the channel capacity (Pickup
and Warner 1976). Andrews (1980) has defined
effective discharge as the increment of discharge
that transports the largest fraction of the annual
sediment load over a period of years, and from
fifteen gauging stations showed such effective
discharges to be equalled or exceeded between
1.5 and 11 days per year and to have recurrence
intervals on the ANNUAL SERIES ranging from
1.18 to 3.26 years.
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channel classification An approach to the
description of river channels based upon classi-
fication of characteristic morphological (e.g.
SINUOSITY, degree of braiding or ANABRANCHING,
relative stability) or sedimentological (e.g. type
of sediment LoAD) parameters. The most basic
form of channel classification is based upon
planform morphology and typically involves
three types of channel: straight; MEANDERING
and BRAIDED. However, actual observation of



the range of fluvial forms seen in a variety of
different environments has resulted in a number
of additional classificatory variables. For
instance, Schumm (1977) suggests the intro-
duction of a sediment load parameter to recog-
nize that sediment load controls the relative
stability of a channel, and that this stability is
important in terms of the types of channel pat-
tern that one observes: SUSPENDED LOAD chan-
nels are relatively stable; mixed load channels
are intermediate; and BEDLOAD channels are
relatively unstable. Even then, additional classi-
ficatory variables, and even approaches, may be
required (e.g. Rust 1978). For instance, ANASTO-
MOSING channels look like braiding channels,
but are actually quite stable. The difficulty of
fitting them into some channel classificatious
resulted in a different two-parameter classifica-
tion (Rust 1978), based upon: (1) degree of
sinuosity; and (2) degree of division.

Whilst these classifications are largely qualita-
tive and descriptive, attempts have been made
to discriminate channels quantitatively, both in
terms of morphological properties and possible
explanatory variables. In terms of quantification
of channel patterns, this may involve indices of
sinuosity (e.g. Hong and Davies 1979; Richards
1982) and braiding (e.g. Rust 1978; Friend and
Sinha 1993). All of these seek to express the
morphological property (e.g. total active chan-
nel length) as a function of the property that
would be expected in a straight channel (e.g.
total valley length). Relatively more attention
has been given to identification of possible vari-
ables that might explain why different channels
have different planforms. The earliest attemprts
to do this were by Leopold and Wolman (1957)
and Lane (1957). Leopold and Wolman, whilst
recognizing a continuum of river channel pat-
terns from braiding through meandering to
straight, and the role of other environmental
controls, made a graphical distinction (figure)
between the braiding and meandering state on
the basis of just 2 variables, bankfull DISCHARGE
(Qb) and channel slope (s):

S =0.013Q,0* ()
In a study of 36 field cases and 9 laboratory
models, all with sandy beds, Lane (1957) iden-
tified two thresholds (2) and (3) separating

three classes: meandering; transitional mean-
dering-braiding; and braiding.

Meandering-transitional threshold

Sy = 0.007Q; 02 (2)

i

Transitional-braiding threshold
S, = 0.00410Q-9% (3)

m
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where Q,, is the mean annual discharge. Fergu-
son (1987) shows how it is possible to obtain
theoretical support for the model developed by
Leopold and Wolman (1957), and that the
threshold identified in (1) is actually a threshold
of specific STREAM POWER. These simple thresh-
olds have had to be modified to recognize that
discharge and channel slope are rarely the only
controls upon river channel morphology. For
instance, Carson (1984) argues that sandbed
rivers braid at lower slopes than gravel-bed riv-
ers for a similar discharge regime, and this will
follow from the differences in the dominant
modes of transport and also differences in bank
stability (e.g. Kellerhals, 1982). Sand-bedded
channels have more erodible banks, and hence
braid more easily. This ties in with the observa-
tion of Murray and Paola (1994) that braiding is
the fundamental instability of laterally uncon-
strained free-surface flows over COHESIONless
beds and that meandering results from the par-
tial suppression of braiding due to lateral chan-
nel constraints or transport of sediment in
suspension. In essence, all straight channels
that become unstable will braid, unless general
environmental characteristics result in them
meandering. Similarly, upstream sediment sup-
ply may be important. Carson (1984) argues
that if the combined load from upstream and
from bank erosion is greater than the transport-
ing capacity, then shoaling and braiding will
result due to local mid-channel incompetence
leading to the progressive growth of mid-chan-
nel bars.

A number of important issues arise from
attempts to classify river channels (e.g. Fergu-
son 1987). First, the determination of river
channel pattern is not necessarily straightfor-
ward. For instance, some channel planforms
are stage dependent and a braided channel
exposed at low flows may appear straight at
high flows. This was illustrated by Leopold
and Wolman (1957) for Horse Creek, Wyom-
ing, where upon closer examination the channel
did not appear to be really braiding, but was a
meandering river with too slow a sediment
removal in dead zone areas and too rapid a
rate of migration that made it appear braided.
Similarly, when can a sinuous channel be
labelled a meandering channel given that we
may choose to associate particular processes
(e.g. the RIFFLE-POOL sequence) with our defini-
tion of meandering (Richards 1982)?

Second, the need to include additional classi-
ficatory variables is a recognition that different
planform morphologies are in fact part of a con-
tinuum of channel patterns, and this is explicit
in the ideas of both Schumm and Rust. Even
within a particular type of river channel (e.g, one
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that is braiding) it may be possible to identify a
range of braiding characteristics (e.g. braiding
intensity, relative bar stability) that relate to the
particular characteristics of the environment
through which the river is flowing. This is not
just a problem of a continuum of pattern, but
also of process (e.g. Richards, 1982). There is
not much evidence that processes in single and
multithread streams are particularly different, as
was implicit in the reference to Murray and
Paola (above). For instance, channel pattern
may be viewed as an expression of excess
energy. More complicated channel patterns
result from the expenditure of excess energy,
which serves to create erosion and hence
increase total boundary resistance such that
there is greater frictional dissipation of energy.
If there is a continuum, it is important to ask if
there i1s a fundamental building block to this
continuum. One suggestion has been the riffle-
pool or bar-pool system (e.g. Ferguson 1987),
with the arrangement, density and behaviour of
these units determining the nature of river chan-
nel pattern. Thus the critical question becomes
one of when such units take on particular
arrangements and densities, and hence produce
particular channel patterns.

Third, the discriminatory functions that are
used to separate channel pattern may be pro-
blematic if they vary over short time-scales.
Discharge is important in this respect as
development of a discriminatory function
based upon discharge requires some assumption
as to which discharge provides the best discri-
minator (bankfull discharge, mean annual dis-
charge etc.). This is not simply a question of
practicality, but basic philosophy, in that accept-
ance of any discriminator requires an assump-
tion that channel pattern is adjusted to that
discriminator to produce a particular EQUILI-
BRIUM state. Thus, channel classification could
be criticized in the same way that REGIME THE-
ORY is criticized: it fails to consider the way in
which river channel morphology conditions the
exact nature of river channel change. This
means that it is important to distinguish
between two questions: {a) when is a river chan-
nel likely to have a particular channel planform;
and (b) under what conditions might a river
channel change its characteristic planform.
This latter question is about the dynamic beha-
viour of river channels. Channels can undergo
changes in planform over a wide variety of tem-
poral and spatial scales. These may be long-
term, in response to secular change in external
factors (e.g. tectonic-related uplift, climate).
They may also be short-term. Harvey (1987),
for instance, describes how a hillslope failure
event in the Howgill Fells, northern England,
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caused a change in river channel pattern from
meandering to braided. However, simple divi-
sions between time-scales in this manner ignores
the role of a particular river channel planform in
determining the way in which it responds to
secular changes in external factors. For instance,
it has been argued that the braiding process may
help to maintain a channel in its braided state
because of the effects of braiding upon the redis-
tribution of sediment, whereby local deposition
within the channel creates the topographic com-
plexity that drives the braiding process (e.g.
Lane and Richards 1997). If a channel is depen-
dent upon braiding to maintain it in its braided
state, then it may be more sensitive to changes in
external factors that reduce or eliminate the
braiding process. Thus, an important distinc-
tion for any channel type may be between braid-
ing and braided and meandering and
meandered, to recognize that an actively chang-
ing or dynamic channel may be more likely to
undergo some sort of major change in channel
pattern. Nevertheless, the basic discriminatory
functions (e.g. (1)) may still provide a useful
indicator of the probability of change between
system states: the closer to the THRESHOLD or
discriminating condition, the more likely that a
river will change its pattern (Ferguson 1987) as
1s implicit in the transitional classification iden-
tified by Lane (1957). SNL
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channel resistance Water flowing in a river
channel encounters various sources of resistance
which oppose downstream motion and result in
energy loss. The potential energy of the water 1s
converted to kinetic energy, and thence to work
in overcoming frictional resistance and generat-
ing heat, as well as in transporting sediment.
Channel resistance, or ROUGHNESS, includes
grain resistance controlled by bed material size,
internal distortion resistance which encom-
passes the form resistance of bedforms and
flow separation at bends, and spill resistance
caused by local acceleration at obstacles. Irregu-
larity of channel form and bank vegetation add
to flow resistance. The combined effect of these
resistances is summarized by the composite
roughness coefficients in the MANNING and
CHEZY EQUATIONS. KSR

channel storage The volume of water that
can be stored along a river channel because of
the variations in channel morphology. As a flood

HYDROGRAPH travels along a river channel the
shape of the hydrograph will change as a result
of the storage of water in the channel. Prediction
of the character of the hydrograph along the
channel is called FLOOD ROUTING. KJG

channelization (or river channelization) The
modification of river channels for the purposes
of flood control, land drainage, navigation, and
the reduction or prevention of erosion. River
channels may be modified by engineering
works including realignment or by maintenance
measures by clearing the channel. Channeliza-
tion can influence the downstream morpho-
logical and ecological characteristics of river
channels through channel erosion giving
larger channels, deposition of the sediment
released and change in the river ecology.
Because of these consequences downstream
from channelization schemes and because
of the effects that channelization measures
can have on the landscape by aesthetic
degradation, alternative methods of stream
restoration or stream renovation have been

suggested. KJG
Reading
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— Gregory, K.J. and Dawson, F.I1. 1983: An assessment
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CHAPADA

chapada A wooded ridge or elevated plateau
in the savanna areas of South America, espe-
cially Brazil.

chaparral A vegetation type encountered in
areas experiencing Mediterranean climates,
characterized by evergreen shrubs with small
leathery leaves. (See also MATTORAL.)

chattermarks Crescent-shaped gouges found
on the surfaces of rocks and rock particles (even
sand grains) either as individual features or as
trails. They can be produced either by the grind-
ing of rock-armoured basal ice riding over a rock
outcrop to produce crescentic gouge trails
(Chamberlain 1888 on rock; Gravenor 1979
on sand grains) or by impaction of subrounded
grains on other grains in wind or water environ-
ments. These latter forms are termed Hertzian
cracks in engineering science. Chattermarks on
sand grains may also be produced by chemical
etching, particularly in a beach environment
(Bull ez al. 1980). PAB
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cheiorographic coast The characteristic
coastline of areas which have experienced com-
plex, tectonic uplift and subsidence, being made
up of alternating deep bays and promontories.

chelation The chemical removal of metallic
ions in a rock or mineral by biological weath-
ering. The term derives from the Greek chela
meaning claw and reflects the process by which
the metallic ion is sequestered, held between a
pincher-like arrangement of two atoms (a
ligand). These ligands most frequently attach
themselves to the metal ion through nitrogen,
sulphur or oxygen atoms. Ligands are produced
by organic molecules of plant, animal and
microbial origin and are important, and much
neglected, processes of rock disintegration. PAB

Reading
Ehrlich, H.1.. 1981: Geomicrobiology. New York: Marcel
Dekker.

cheluviation Results when water containing
organic extracts combines with soil cations to
form a chelate. This solution then moves
downwards in the soil profile by a process of
eluviation, transferring aluminium and iron
sesquioxides into lower horizons. ASG
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chemosphere A term sometimes applied to
the region of the atmosphere, mainly between
40 and 80km in altitude, in which photochem-
ical processes are important.

chenier ridge A beach ridge which is sur-
rounded by low-lying swamp deposits, and
which tends to be made of sand or shell debris.
Classic examples occur downdrift from the Mis-
sissippi delta, where individual cheniers are up
to 3 m high, 1000 m wide, and 50 km long. They
are generally slightly curved, with smooth sea-
ward margins but ragged landward margins due
to washovers. Conditions conducive to their for-
mation include low wave energy, low tidal
range, effective longshore currents and a vari-
able supply of predominantly fine-grained sedi-
ment. ASG

Reading

Augustinus, P.G.E.F. ed. 1989: Cheniers and chenier
plains. Marine geology 90, pp. 219-351. - Hoyt, J.H.
1969: Chenier versus barrier; genetic and stratigraphic
distinction. Bulletin of the American Association of Petroleum
Geologists 53, pp. 299-306.

chernozem A black soil rich in humus and
containing abundant calcium carbonate in its
lower horizons. A soil type characteristic of tem-
perate grasslands, notably the Russian steppes.

chert A cryptocrystalline variety of silica, e.g.
flint, or more specifically a limestone rock in
which the calcium carbonate has been replaced
by silica.

Chézyequation A FLOW EQUATION developed
by Antoine Chézy in 1769 and experimentally
tested using data from the River Seine. Its deri-
vation assumes UNIFORM STEADY FLOW in which
no acceleration or deceleration occurs along a
reach, and the resistance to flow must therefore
balance the component of the gravity force act-
ing in the direction of the flow (Sellin 1969).
The equation is:

v =CVRs

where v 18 mean velocity, R is the HYDRAULIC
RADIUs (often taken to be the mean depth in
wide, shallow channels) and s is energy or bed
slope. C, the Chézy coefficient, is essentially a
measure of ‘smoothness’ or the inverse of chan-
nel resistance, and is therefore inversely related
to the coefficient in the similar MANNING
EQUATION. KSR
Reference
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Chicxulub impact The event commonly
attributed to be the trigger for mass extinctions



about 65 million years BP, at the Cretaceous—
Tertiary (K~T) boundary. The Chicxulub
Crater is located on Mexico’s Yucatan Penin-
sula, buried beneath approximately 1km of
shallow water carbonates, and it may be as
much as 300km in diameter. The impact was
by a meteorite or asteroid at least 10 kilometres
in diameter, travelling at a speed of about 30 km
per second. The meteorite and 200,000 km> of
crust were vaporized and ejected into the atmo-
sphere. Widespread iridium and tektite deposits
formed from the ejecta, and the global dust
cloud caused the environmental changes that
are linked to the extinctions. DJs

Reading
Sharpton, V.IL., Dalyrmple, G.B., Marin, L.E., Ryder,
(., Schuraytz, B.C., and Urrutia-Fucugauchi, J. 1992:
New links between the Chicxulub impact structure
and the Cretaceous/Tertiary boundary. Nature 359, pp.
819-21.

chine A small ravine or canyon which reaches
down to the coast, especially in southern Eng-
land. Chines are well developed in sandstones
near Bournemouth.

chinook A warm, dry wind which blows down
the eastern slopes of the Rocky Mountains of
North America. It is warmed adiabatically dur-
ing its descent and produces marked increases
in temperatures, especially in the spring months.
It has some similarity to the fohn winds of
Europe.

chlorofluorocarbons (CFCs) Organic com-
pounds of human origin derived from hydrocar-
bons. Large-scale production of CFCs did not
occur until the 1950s, though they were
invented in the 1920s. CFCs contain chlorine,
fluorine and carbon atoms arranged in a chemi-
cally stable (inert) structure. This compound is
nonflammable, nontoxic, noncorrosive and
unreactive with most other substances. This
allowed for the widespread use of CFCs as cool-
ants, insulators, foaming agents, solvents and
aerosols. CFCs are extremely stable in the
lower atmosphere. The molecules do not dis-
solve in water or break down in biological pro-
cesses, so that CFC molecules eventually drift
up into the stratosphere, where the sun’s elec-
tromagnetic radiation in the upper atmosphere
breaks apart the CFC molecules, freeing chlor-
ine (Cl) atoms. The excess chlorine atoms in the
stratosphere would react with ozone (O3} mole-
cules producing chlorine monoxide (ClQ) and
oxygen (O3): in essence destroying the ozone
molecule. The chlorine monoxide molecule
can combine with an oxygen (O) atom produ-
cing an oxygen molecule and freeing the chlor-
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ine atom to begin the process all over again. One
chlorine atom could destroy up to 100,000
ozone molecules. Another by-product of chlor-
ine in the upper atmosphere is the long resi-
dence time of the chlorine atoms (40-100
years). Because of the relationship between
ozone destruction and chlorine the Montreal
Protocol was passed in 1987 (revisions in
1989, 1990, 1992 and 1995) which diminished
and eventually eliminated the production of
CFCs. However, even with the Montreal Proto-
col Amendments and Adjustments, the levels of
CFCs in the stratosphere will not return to the
pre-1980 levels until the year 2050. JAS

chott A seasonal lake, often very saline,
flooded only during the winter months. Applied
especially to the tectonically formed lake basins
of North Africa.

chronosequence A sequence of soils, each
having undergone weathering and soil develop-
ment (pedogenesis) for a different period of
time. If they are located on similar parent mate-
rials, and have experienced the same climatic
and other influences, the soils of a chrono-
sequence can be used to study the rates and
mechanisms of soil formation. Various sites
may host chronosequences, including flights of
river terraces of varying age, coastal terraces
produced by tectonic processes, multiple glacial
till sheets, and successive lava flows, as well as
sites disturbed by human activity such as reha-
bilitated mine sites of varying age. Chrono-
sequences have been used to document rates of
horizon development, accumulation of organic
carbon, soil carbonates, clay enrichment, devel-
opment of hardpans, and many other soil fea-
tures. DLD

Reading

Eash, N.S. and Sandor, J.A. 1995: Soil chronosequence
and geomorphology in a semi-arid valley in the Andes of
southern Peru. Geoderma 65, pp. 59-79.

chute A narrow channel with a swift current,
applied both to rivers and to the straits between
the mainland and islands.

circadian rhythm The approximately 24-
hour rhythm of activity exhibited by most living
organisms: humans, higher animals, insects and
plants. The cycle is to some degree independent
of day and night cycles and seems to be an
important organizing principle in animal and
plant physiology. Organisms isolated from
external stimuli will continue to display circa-
dian rhythms of temperature, respiration, hor-
mone levels etc. for some time, but may get ‘out
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of phase” and need a diurnal cycle to reset their

‘internal clocks’. KEB
Reading
Guthrie, D.M. 1980: Neuroethology: an introduction.

Oxford: Blackwell Scientific. - Luce, G.G.
time. London: Temple Smith.

1972: Body

circulation index A numerical measure of
properties or processes of the large-scale atmo-
spheric circulation. Indices have been devised to
measure the strength of the east-west compo-
nent of the circulation in middle latitudes — the
zonal index, and the north-south component —
the meridional index. The indices are usually in
terms of differences in the mean pressures of
two specified latitudes. The mean pressures are
calculated along each of the latitudes. Lamb
(1966) suggests that indices can usefully express
circulation vigour if measured at points where
the main air streams are most regularly devel-
oped. Indices were first used in statistical inves-
tigation connected with long range forecasting,
e.g. Walker’s North-Atlantic Oscillation (see
Forsdyke 1951) but are now used more widely
in studies of climatic change and the general
circulation. AHP
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cirque (also corrie, cwm) A hollow, open
downstream but bounded upstream by an arcu-
ate, cliffed headwall, with a gently sloping floor
or rock basin. The cirque floor is eroded by
glacier sliding while the backwall is attacked by
BASAL SAPPING and subaerial rock weathering.
Cirques are common in formerly glaciated
uplands and have long caught the imagination
of physical geographers. They were originally
thought to have been formed during the waxing
and waning of ice sheet glaciations, but few were
occupied by active glaciers during ice sheet
withdrawal. Instead it seems likely that they
represent many stages during the past few mil-
lion years when marginal glaciation affected
mid-latitude uplands. Most mid-latitude cirques
show a preferred orientation towards the north-
east in the northern hemisphere and towards the
south-east in the southern hemisphere, reflect-
ing mainly the effect of shade in protecting the
glacier from the sun but also the effect of wind-
drifted snow accumulated by predominantly
westerly winds. Preferred orientation is less
important in polar and tropical mountains. Cir-
que altitude is an indication of former snow lines
and it is common for basin altitudes to increase
with distance from a coast. Cirques have
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attracted much morphometric analysis and,
although the main controls on their morphology
remain unclear, it seems that they tend to
become more enclosed and deeper with time.
DES

Reading

Derbyshire, E. and Evans, 1.S. 1976: The climatic factor
in cirque variation. In E. Derbyshire ed., Geomorphology
and climate. New York: Wiley. - Gordon, J.E. 1977: Mor-
phometry of cirques in the Kintail-Affric-Cannich area of
north-west Scotland. Geografiska annaler 59A. 34, pp.
177-94,

cirrocumulus See CLOUDS.

cirrostratus See cLouDs.
cirrus See CLOUDS.

cladistics (or phylogenetic systematics) The
elucidation of the evolutionary history of groups
of organisms. Hennig (1966) was responsible
for its initial development. Subsequently, it has
been refined into a method with more general
properties than those stated by Hennig and hav-
ing a much wider application than he intended
(Humphries and Parenti 1986).

Biological systematics seeks to describe and to
classify the variation between organisms. Such
classifications are often hierarchical and reveal
patterns of association (TAXONOMY). Resem-
blances among the intrinsic properties of organ-
isms (encompassing everything from their
chemistry to conduct) can be classified to reveal
phylogenetic patterns. As Eldredge and Cracraft

CAT MOUSE

3 ear ossicles LIZARD

hair
mammary glands
PERCH

amniote egg
LAMPREY
jaws

3 semi-circular canals
paired appendages
vertebral column

semi-circular canals
chambered heart
visceral arches
dorsal nerve cord
notochord appendages

A cladogram for five kinds of vertebrates. Each level of
the hierarchy (denoted by branch points) is defined by one
or more similarities interpreted as evolutionary novelties.
Source: N. Eldredge and J. Cracraft 1980: Phylogenetic patterns
and the evolutionary process. New York: Columbia University
Press. Figure 2.1.



(1980) point out, the pattern of similarity of
features in organisms has resulted from either
evolution by descent or special creation (CREA-
TIONISM). If evolution by ancestry and descent is
accepted, together with the fact that novel
characteristics appear in organisms at different
times during its course, a hierarchical phyloge-
netic pattern of clustered intrinsic resemblances
(akin to similarities in taxa) can be formulated.

According to Hennig (1966), it is possible to
distinguish two principal categories of resem-
blance in a monophyletic taxon (one having
two or more species and including an ancestor
and descendants). First, true evolutionary simi-
larities. These may be of two kinds, either those
acquired from a distant common ancestor and
retained by one or more of its descendants, or
those possessed solely by a particular group of
organisms which acquired them from a recent
common ancestor. The second category is that
of false or misleading resemblance and derives
from adaprtations made during parallel and con-
vergent EVOLUTION. Cladists contend that the
intermittent retention of resemblances acquired
from an ancient source renders such traits only
useful as clustering agents where they can claim
novel status. Their methodology also indicates
that because ancestors do not appear to have
special assemblages of novelties, their definition
is difficult.

Accordingly, phylogenetic systematists con-
centrate upon recently acquired evolutionary
resemblances in an attempt to ascertain patterns
of novelties and establish proximate relation-
ships between taxa. The intrinsic characteristics
of organisms are examined in detail. An attempt
is made to establish whether these characteris-
tics are primitive or derived. Widespread traits
within groups are thought to have originated
there, while characters occurring in only a few
instances are considered as derived. Significant
patterns of phylogenetic resemblance have also
emerged after the analysis of homologous char-
acteristics at various stages in the life cycle of
organisms. The taxon being investigated is also
compared in detail with its nearest relative (sis-
ter), as part of the search for character distribu-
tions. The aim is to find a universal set (one or
more) of similarities in order that a group in
which they are all present may be defined.
Resemblances which are common to only some
of the group can also be used to categorize
subsets. Inferred inherited similarities that
define subsets at some level within a universal
set are known as homologies. Thus homology 1s
synonymous with synamorphy and refers to
novel, shared resemblance endowed by a recent
common ancestor (Eldredge and Cracraft
1980).

CLADISTICS

Data from such analyses are presented as
branching diagrams or cladograms, upon
which are illustrated clusters of common resem-
blances regarded as evolutionary innovations. It
is often possible to map more than one clado-
gram from one data set. When compared, these
exhibit different patterns that require further
investigation. An example provided by Eldredge
and Cracraft (1980) will illustrate the principles
and problems of cladistic analysis (see p. 91).
The cat, mouse, lizard, perch and lamprey are
vertebrates with a universal set of resemblances
which include semicircular canals in their heads
and a chambered heart. Subgroups can be made
of the perch and lamprey as they lack an
amniote egg, and the lizard, perch and lamprey
which do not possess hair or mammary glands.
The apparent conflict in the relationships
between these organisms can be clarified with
reference to the stages in their life cycles. Each
has a substantial amount of cartilage in at least
one stage of their ontogeny. Cartilage is super-
seded by bone in the advanced stages of devel-
opment of the cat, mouse, lizard and perch.
Thus bone is diagnostic of a subgroup (each
member of which is also part of a bigger group
including the lamprey), whose members possess
a vertebral column, paired appendages, jaws
and semicircular canals. A further subgrouping
emerges with reference to an amniote egg,
which is possessed by the cat, mouse and lizard.
Consideration of earlier developmental stages of
the organisms indicates that all five then had a
general vertebrate egg, an amniotic membrane
subsequently emerging in the cat, mouse and
lizard. The cat and mouse can be combined in
isolation from the lizard as they are endowed
with hair, mammary glands and three ear ossi-
cles, these again being adaptations from more
widespread vertebrate traits. Such relationships
can be expressed in the cladogram shown here.

The next stage in the cladistic analysis of these
data is to look outside the group of five organ-
isms for others with equivalent shared resem-
blances. In this context, two other chordates,
the lancelet amphioxus and the tunicates are
relevant. They, however, do not have the char-
acteristics of the cat, mouse, lizard and perch
grouping, nor of the large group which includes
the lamprey. Thus the amphioxus, tunicates and
lamprey comprise outgroups and the «cat,
mouse, lizard and perch a subgroup. The latter
can be further subgrouped in that cats, mice and
lizards possess amniote eggs but perch do not,
their eggs being analogous to those of the out-
groups. Finally, cats and mice are the exclusive
possessors of hair, mammary glands and three
ear ossicles, qualifying as a subgroup by virtue of
these evolutionary novelties.
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A progression in this type of analysis, whereby
more complex and accurate hypotheses con-
cerning  ancestor—descendant  relationships
can be formulated, comes via additional infor-
mation and takes the form of a phylogenetic
tree, which can also be represented diagramma-
tically. At the end of this sequence is the phylo-
genetic scenario which consists of a tree with an
overlay of adaptational narrative (Eldredge
1979).

Cladistics has caused considerable contro-
versy and acrimony among systematists. Some
cladistic viewpoints conflict, often sharply, with
certain of those of the other major biological
taxonomists — the evolutionary systematists and
the numerical taxonomists. Eldredge and Cra-
craft (1980) state that cladistic strategy involves
investigation of the structure of nature, and the
formulation of hypotheses concerning this
which contain the basis for their own evaluation.
This approach differs from that of the Darwi-
nian school of evolutionary taxonomy which,
they contend, invokes acknowledged processes
in the explanation of form, such that its conclu-
sions are not amenable to disproval. The cladists
do not claim to prove anything, but to carry out
pattern analysis without fixed ideas concerning
causal processes, and within a framework that
accepts that evolutionary patterns and processes
are related. They also accept that morphological
and taxonomic diversity are related but not
synonymous, stating that evolutionary systema-
tists believe that they are equivalent. The prin-
ciples of cladistics also have a bearing on
speciation. Cladists recognize species as distinc-
tive entities to the extent that the emergence of a
new one interferes with the pattern of ancestry
and descent. Darwinists explain long-term
intrinsic modifications in species populations
by means of natural selection and adaptation.
Cladism leads to the notion that such gradual
speciation is unlikely. Cladists believe that spe-
cies remain unmodified for a period, and are
quite suddenly replaced by others. Speciation
occurs in areas of various dimensions. When
these areas are defined, they can be related to
the phylogenetic histories of the relevant species
as depicted by cladograms (VICARIANCE BIOGEO-
GRAPHY).

Cladists disagree with numerical taxonomists
who, they contend (mainly on the basis of
computerized cluster analysis), feel that evolu-
tionary history defies reason. They are at var-
iance with both evolutionary systematists and
numerical taxonomists over a fundamental
tenet of their method. This relates to cladistic
assemblages which comprise novelties rather
than retentions, the latter being the usual char-
acteristics employed by alternative approaches.
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In consequence, the cladists’ interpretation of
the evolutionary status of certain taxa differs
from that of their fellow systematists. RL]
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clast A coarse sediment particle, usually larger

than 4 mm in diameter; clast sizes include peb-
bles, cobbles and boulders.

clastic Composed of or containing fragments
of rock or other debris that have originated else-
where.

clay Term applied in the textural classification
of soils and sediments to particles having dia-
meters of less than 2 um, as well as in soil chem-
istry to a wide range of crystalline hydrous layer
silicate minerals (the ‘clay minerals’). The clay
minerals, of which there are many varieties, are
derived from the weathering of primary silicate
minerals, and are made up of stacked layers of
tetrahedrally and octahedrally structured sheets
of oxygen atoms bound to cations, notably Si*",
AP, Fe**, Fe?" and Mg?". These materials
ordinarily occur as small crystalline fragments
less than a few pum in size. Whilst many clay
particles, rexturally defined, do consist of such
clay mineral fragments, clay-sized particles of
other materials such as quartz also occur.
Furthermore, clay mineral particles, which
carry a negative surface charge because of ionic
substitution within their crystal lattice (say, Si**
replaced by A>T, leaving an unbalanced nega-
tive charge), are often held together in clumps or
flocs, and when held in this way the composite
particle composed of many clay particles can
itself be of much larger size. (See also PARTICLE
SIZE.) DLD

Reading
Brady, N.C. and Weil, R.R. 1996: The nature and
properties of soils. 11th edn. New Jersey: Prentice-Hall.

clay dune A dune (often LUNETTE) where a
significant proportion of the constituent sedi-
ments (up to 30 per cent) comprise clay miner-
als. These are likely to have been transported to
the dune, via saltation and creep, as CLAY PEL-
LETS, which may have become broken down, or
further aggregated, after deposition. Clay dunes



usually border lacustrine basins and result from
the deflation of basin floor sediments during
PLAYA Or PAN stages. Clay dunes occur in parts
of the Kalahari, Australia, North Africa and
Texas, USA. DSGT

Reading

Bowler, J.M. 1973, Clay dunes: their occurrence, for-
mulation and environmental significance. Earth science
reviews 9, pp. 315-38.

clay--humus complex Consists of a mixture
of clay particles and decaying organic material
that attracts and holds the cations of soluble
salts within the soil profile.

clay pellet A particle of sediment that,
although SAND or SILT sized, is in fact composed
of aggregated CLAY size particles. Pellet forma-
tion may occur through the process of FLoccU-
LATION or through the breakdown of clay layers
through salt efflorescence. Sand-size clay pellets
will be transported through the processes of
SALTATION, CREEP and REPTATION. On deposi-
tion, pellets may become defloculated. If a par-
ticle size analysis of such a sediment is
conducted, the resulting distribution may over-
represent clay in respect of the transport pro-
cesses and mechanisms through which the
deposit was achieved. One environment where
clay pellet formation may be important is on the
floor of PANS and PLAYAS, with pellets trans-
ported by the wind to an adjacent LUNETTE
DUNE. DSGT

claypan A stratum of compact but not
cemented clayey material found within the soil
zone.

clay-with-flints An admixed deposit of clay
and gravel, predominantly flint, occurring
locally in depressions in the chalk uplands of
southern England. Probably the insoluble com-
ponents of the chalk and/or reworked Tertiary
deposits.

clear water erosion The erosion caused by
rivers whose sediment load has been removed by
the construction of a dam and reservoir. With a
reduced sediment load, incision occurs rather
than aggradation. This can create serious prob-
lems for bridges and other man-made structures
downstream.

cleavage Of minerals, the plane along which
a crystal can be split owing to its internal mole-
cular arrangement. Also those planes of weak-
ness in fissile rocks which are not related to
jointing or bedding.

CLIMATE CHANGE

CLIMAP 1In 1971 a consortium of scientists
from many institutions was formed to study
the history of global climate over the past mil-
lion years, particularly the elements of that his-
tory recorded in deep-sea sediments. This study
is known as the CLIMAP (Climate, Long-range
Investigation, Mapping and Prediction) project.
One of CLIMAP’s goals is to reconstruct the
earth’s surface at particular times in the past,
and a good example 1s contained in CLIMAP
Project Members (1976). JGL
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climate The long-term atmospheric char-
acteristics of a specified area. Contrasts with
weather. These characteristics are usually repre-
sented by numerical data on meteorological ele-
ments, such as temperature, pressure, wind,
rainfall and humidity. These data are frequently
used to calculate daily, monthly, seasonal and
annual averages, together with measures of dis-
persion and frequency.

Climatic statistics have been published for a
huge number of stations, and there are some
useful publications which have summarized
tables of major climatic phenomena. Among
the most useful are Landsberg (1969), Wern-
stedt (1972), Miller (1982) and Pearce and
Smith (1984). ASG
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climate change The long-term variability
associated with the earth-ocean-climate system.
‘Long-term’ in this instance refers to time peri-
ods greater than the day-to-day variability of
weather. Consequently, climate change can
refer to changes in average weather conditions
from one year to the next or even to the changes
associated with the transitions from the climate
of the last GLACIAL to the present climate. The
study of climate change has been classified into
a number of smaller areas of investigation,
including climate reconstruction, climate
change theory and climate modelling.

Climate reconstruction or PALAEOCLIMATO-
LOGY relates to the study of the earth’s past
climates and determination of those past clim-
ates. Records of actual measures of climate,
such as temperature and precipitation, are
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often only available for limited places and for
limited times of the past. Modern weather ser-
vice observations, for example, have only been
available for the last century and half and then
primarily only in western Europe and North
America. Consequently, other measures of
climate variability, termed climate proxies, are
needed to extend our understanding of past
climates both geographically and temporally.

For the time associated with human civiliza-
tions, many historical records, diaries, planting
records and even clothing and building mater-
ials can supply useful information on climate
conditions for a given civilization. More detailed
and geographically diverse information, how-
ever, can be obtained from various geological
and biological indicators, termed physical clim-
ate proxies. Analyses of such biologic indicators
as tree rings, lake varves, vegetation growth
boundaries, and pollen distributions have pro-
vided detailed climate information such as the
precipitation and temperature regimes of relat-
ively remote regions of the earth several thou-
sand years into the past.

Other techniques can be used to evaluate the
climates of far earlier times in the earth’s past.
Isotope analysis can be applied to glacial ice
cores or to deep-sea marine sediment cores to
gain data on past temperature and global ice
volumes (see OXYGEN ISOTOPE). The biogenic
material found in a marine core may also be
analysed for proxy climate data, since certain
species display identifiable temperature-depend-
ent characteristics. For example, the coiling
direction of some kinds of foraminfera is
dependent on water temperature, which in turn
is influenced by atmospheric temperatures.

Abiotic proxy evidence can be garnered from
such sources as the analysis of isotopic concen-
trations in calcium carbonate, such as the well~
dated core taken from Devil’s Hole, Nevada; the
analysis of the extent of ancient desert sedi-
ments; and the analysis of fossil pollen accumu-
lated within sediments. In all cases however,
consideration has to be given to the relative
influence of climatic and other environmental
factors that have affected the magnitude and
distribution of living species and the operation
of ecological, sedimentary and geomorpholog-
ical processes. Bradley (1985) gives an excellent
summary of various means of climate recon-
struction.

A second major component in the field of
climate change is the formulation and evalua-
tion of climate change theories. Such theories
are constructed to explain either the various
shifts in climate revealed through climate recon-
struction and study of secular climate records or
to account for anticipated changes in global or
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regional climate. Although hundreds of climate
change theories have been hypothesized in the
last century or so, two have reached great pro-
minence and acceptance among climatologists.

The astronomical theory of climate change,
often referenced by the name of one of its lead-
ing early researchers, Multin Milankovitch,
states that periodic changes in the earth’s clim-
ate are linked to cyclic orbital variations in the
earth. In particular, the climatic changes of the
last two million years have been statistically
linked to variations in three of the earth’s orbital
mechanisms. Obliquity, changes in the axial tilt
of the earth, operates with a periodicity of
41,000 years. Precession of the longitude of
the equinoxes, the wobble in the earth’s orbit
which changes the timing in which perihelion
(the time at which the earth is closest to the
sun) occurs in relation to the equinoxes, occurs
with variability of 21,000 years. The third
mechanism, eccentricity, the variability in the
shape of the earth’ orbit, has a periodicity of
100,000 years. The cycles associated with these
mechanisms have been identified in the analyses
of deep-sea marine sediment cores across the
globe.

A second climate change theory, the GREEN-
HOUSE EFFECT (see also CARBON DIOXIDE PROB-
LEM) has received significant scientific and
public attention in recent decades. In brief, car-
bon dioxide and other gases, including water
vapour, act to absorb terrestrial radiation in the
lower atmosphere. Such absorption acts as an
extra source of heat to the surface. For example,
a given locale is warmer under a cloudy sky than
under a clear sky because of the greenhouse
characters of the water vapour associated with
clouds. Consequently, it is hypothesized, when
all other factors are held constant, that increas-
ing amounts of various greenhouse gases will
lead to general global warming. This theory
has been used to explain the abnormal global
warmth revealed in reconstruction evidence
from the age of the dinosaurs (the Cretaceous).
Greenhouse theory has also been used to pro-
duce future scenarios of the earth’s climate
given the increasing amount of human-pro-
duced greenhouse gases emitted into the atmo-
sphere. Two current concerns associated with
this theory are the identification of potential
feedback mechanisms that may serve to mitigate
the global warming, and the identification of
associated climate impacts beyond global warm-
ing, such as changes in regional precipitation.

A third subdiscipline in climate change stu-
dies is the creation, testing and application of
numerical climate models. Climate models have
become a major tool of investigation for climate
change theories, as well as a means for evaluat-



ing regional differences in climate derived from
reconstruction proxies and secular climate
records. A hierarchy of climate models exists
based on the complexity of their physical
relationships and the number of their spatial
dimensions.

Radiative-convective models (RCMs) are
generally one-dimensional models which focus
on mathematical expression of the radiative pro-
cesses in the atmosphere, particularly as influ-
enced by atmospheric water vapour and
aerosols. Energy balance models (EBMs) have
been formulated using a single point determina-
tion (zero-dimensional), with latitudinal depen-
dence (one-dimensional), with latitude and
vertical components (two-dimensional) and
with all three spatial dimensions (three-dimen-
sional). EBMs are constructed around a primary
equation that addresses the various energy
transfers (such as by advection of sensible heat,
latent heat or by ocean currents) that occur in
the earth’s climate system.

The most complex of numerical climate mod-
els are those known as GCMs (see GENERAL
CIRCULATION MODELLING) and incorporate
many of the features of both RCMs and
EBMs. GCMs are mathematical computer
models describing the primary controls (such
as radiative fluxes), energy transfers, cir-
culations and feedbacks existing in the earth-
ocean—climate system. GCMs have their roots
in the early numerical weather models de-
veloped by J.G. Charney and the so-called
‘father’ of modern computing, J. von Neumann,
in the late 1940s. Most GCMs are based on
seven fundamental (or ‘primitive’) equations of
the atmosphere.

Climate models have been used to study the
interrelationships between climate processes
(such as albedo and temperature), evaluate
and explain reconstruction proxy data (such as
the GCM simulations of the Cretaceous
and Pleistocene climates), and to address
possible effects of increased atmospheric
carbon dioxide and other greenhouse gases.
Trenberth (1992) gives an excellent review of
both fundamentals of computer modelling and
the applications to which they have been
applied.

Climate change study has become one of the
most important sciences in recent years. Appre-
ciating the variability inherent in our climate
system is becoming increasingly critical to both
understanding the growth and decline of past
human civilizations and, indeed, other species
on this planet, as well as the formulation of
future public policy regarding all elements of
human life. Climate change study can best be
characterized as a young, constantly changing

CLIMATIC CLASSIFICATION

discipline whose members are at the vanguard
of the frontiers of science. RSC
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climatemodelling See GENERAL CIRCULATION
MODELLING.

climate modification See WEATHER MODIFI-
CATION.

climatic classification A systematic parti-
tioning of the earth’s climates based on the
averages of weather elements, the variations of
weather elements, and the effects of weather
elements on the land surface environment.
Due to some degree of regularity in the general
circulation of the atmosphere, there exist broad
patterns of climates across the earth which are
modified by such additional controls as topo-
graphy and proximity to large water bodies. An
ideal classification of the climates should reveal
all of the climates that occur on the earth,
should show the relationships among climates,
should allow for subdivisions down to local
climates, and should demonstrate the controls
on each climate. However, the ideal climate
classification will never exist due to the facts
that the overall climate system of the earth is
too complex and the individual climates them-
selves are not spatially finite. Therefore, climate
classification schemes are generally developed
and utilized as dictated by their particular use.
The first attempt at climate classification was
made by early Greek civilizations who used only
latitude to subdivide the earth’s global climate
into three distinct zones: torrid, temperate, and
frigid. Further attempts at classifying the earth’s
climates were not made until the end of the
nineteenth and the beginning of the twentieth
centuries. In the late 1800s, German plant phy-
siologist Wladimir Képpen (1846-1940) began
to recognize that a plant or plant communities at
a particular place reflected a synthesis of the
weather elements of that location. Comparing
the global distribution of vegetation to his own
data on world distributions of temperature and
precipitation, Kdéppen identified a correlation
between the atmosphere and the biosphere,
and he subsequently began to distinguish
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climates based on those interrelations. The first
version of the Koppen Climate Classification
System, based solely on temperature, was pub-
lished in 1884. After modifying the system to
include climatic factors as a whole, Koppen
published his second version in 1900 (Képpen
1900). Five significant modifications by Kop-
pen himself occurred between 1918 and 1936,
while several scientists have made further mod-
ifications since then.

The Koppen climate classification system
itself uses letter symbols to distinguish different
characteristics of each climate. Six major clim-
ate groups are subdivided once, and in some
cases twice, based on specific temperature and
moisture characteristics. Relative magnitudes of
precipitation and its predominant timing within
the year, as well as data on the warmest and
coldest months of the year provide a finer defi-
nition of the climate groups. Largely based on
the distribution patterns of the earth’s vegeta-
tion, many of the climate groups derived
from the Képpen system bear names associated
with the type of vegetation that they support,
such as the tropical rain forest, desert, and
tundra climates.

Several scientists of the early to mid-twentieth
century opposed Koppen’s system, the most
notable of whom was C. Warren Thornthwaite
(1899-1963). Thornthwaite argued that the
classification of the earth’s climates required a
greater understanding of spatial variations in the
climatic water budget, not just simply variations
in temperature and moisture (Thornthwaite
1948). Accordingly, the 1948 climate classifica-
tion system published by Thornthwaite is based
on the concept of potential evapotranspiration,
or the amount of evapotranspiration that would
occur from a well-watered land area. This max-
imum amount of water loss through evapotran-
spiration is a function of air temperature and
vegetation cover. Thornthwaite’s method differs
from that of Koppen in that it expresses the
effectiveness of precipitation and the efficiency
of air temperature in the process of evapotran-
spiration, both of which indicate the degree to
which vegetation can be supported. Similar to
the method of Thornthwaite, Mikhail Budyko
later developed an approach in which, instead of
temperature, the net radiation available for eva-
poration from a moist surface is related to the
amount necessary to evaporate the mean annual
precipitation (Budyko 1974). As a reflection of
the general climate, Budyko used that ratio to
classify vegetation zones.

Due to its simplicity and usefulness, the Kop-
pen system has become the most widely used
climate classification system, and it continues to
be of pedagogical value in modern geography,
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particularly on scales larger than those of regio-
nal study. However, with many potential uses to
the modern geographer, many methods of clim-
ate classification have been devised. Despite the
attraction of using qualitative and subjective
input to the process of climate classification,
contemporary geographers realize the demand
for a quantitative method. As such, the process
of climate classification today begins much
the same way as it did for Wladimir Kdppen
over a century ago with average values of
weather elements such as temperature and
precipitation. AWE
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climatic geomorphology This subject
developed during the period of European colo-
nial expansion and exploration at the end of the
nineteenth century, when unusual and specta-
cular landforms were encountered in newly dis-
covered environments like deserts and the
humid tropics. In the USA, W.M. Davis recog-
nized ‘accidents’, whereby non-temperate clim-
atic regions were seen as deviants from his
normal cycle and introduced, for example, his
arid cycle (Davis 1905). Some regard Davis as
one of the founders of climatic geomorphology
(see Derbyshire 1973), though the French (e.g.
Tricart and Cailleux 1972) have criticized him
for his neglect of the climatic factor in landform
development. Much important work on dividing
the world map into climatic zones (morpho-
climatic regions) with distinctive landform
assemblages was attempted both in France
(e.g. Tricart and Cailleux 1972) and in Ger-
many (e.g. Bidel 1982). This geomorphology
described itself as geographical (Holzner and
Weaver 1965).

In recent years
become apparent:

certain limitations have

1 Much climatic geomorphology has been
based on inadequate knowledge of rates of
processes and on inadequate measurement
of process and form.

2 Many of the climatic parameters used for
morphoclimatic regionalization have been
seen to be meaningless or crude.

3 The impact of climatic changes in Quatern-
ary times has disguised the climate-land-
form relationship.

4 Climate is one step removed from process.



5 Many supposedly diagnostic landforms are
either relict features or have a form which
gives an ambiguous guide to origin.

6 Climate is but one factor in many that
affect landform development.

7 Climatic geomorphology tends to con-
centrate on the macroscale rather than
investigating the details of process.

8 Macroscale regionalization has little inher-
ent merit. ASG
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climatichinge An imaginary line in the trop-
ical zone which separates areas receiving the buik
of precipitation in the northern summer from
those affected by summer rainfall in the south-
ern hemisphere. Although this currently equates
to the position and movement of the Inter Tro-
pical Convergence Zone, the concept has been
used in palaeoclimatic studies, particularly in
Africa, to identify the precipitation equator
once it became apparent that long-term changes
in the two hemispheres were neither identical
nor synchronous. For example, during the late
Glacial in East Africa the climatic hinge is
thought to have been in the vicinity of southern
Lake Malawi, some 13° south of the equator, as
evidenced by low lake levels in the East Africa
lakes, but high water levels in the Okavango
Delta and associated lakes in the Kalahari
Desert. PSh

climaticoptimum See ALTITHERMAL.

climatic sensitivity parameter A numerical
index of the amount by which the mean surface
temperature of the earth would change in
response to a unit change in radiative forcing.
The radiative forcing is primarily the solar radia-
tion received by the earth, but also includes
energy trapped within the earth-atmosphere sys-
tem, and resulting fluxes of long-wave radiation.
For example, greenhouse gases in the atmo-
sphere trap heat energy, and the resulting radiant
heat flux is estimated to increase radiative

CLIMAX VEGETATION

forcing by about 4W/m® for a doubling of
CO,. The climate sensitivity parameter, /,
links this change in radiative forcing, DQ, to
the rise in mean surface temperature, D, T, as
follows

D(T, =1=xDx Q)

The value of /zis < 1K m? W~ but its value is
difficult to determine exactly. This is because
many feedback processes, such as changes in
snow, ice, and cloud cover, and the water
vapour content of the atmosphere, are triggered
by a change in 7}, and so affect the value of /.
DLD
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climato-genetic geomorphology An atte-
mpt to explain landforms in terms of fossil as
well as contemporary climatic influences. Bidel
(1982) recognized that landscapes were com-
posed of various relief generations and saw the
task of climato-genetic geomorphology as being
to recognize, order and distinguish these relief
generations, so as to analyse today’s highly
complex relief.
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climatology Traditionally concerned with
the collection and study of data that express
the prevailing state of the atmosphere. The
word study here implies more than simple aver-
aging: various methods are used to represent
climate, e.g. both average and extreme values,
frequencies of values within stated ranges, fre-
quencies of weather types with associated values
of elements. Modern climatology is concerned
with explaining, often in terms of mathematical
physics, the causes of both present and past
climates. JGL
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Barry, R.G. and Chotley, R.]. 1992: Ammosphere, weather
and clhimate. 6th edn. London: Routledge. - Lockwood,
J1.G. 1979: Causes of climare. London: Edward Arnold.

climax vegetation Vegetation comMMuNITY
regarded as existing in a state of equilibrium
with given climatic and edaphic conditions and
capable of self-perpetuation. The idea was initi-
ally developed by the American biologist, F.E.
Clements in 1916, who hypothesized that, fol-
lowing colonization of a new surface (e.g. a lava
flow or bare sand dune), ecological SUCCESSION
would proceed until a final stage was reached in
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CLIMBING DUNE

which the community was in harmony with pre-
vailing environmental conditions. Climate was
considered to be the dominant ecological deter-
minant and the end product of succession was
therefore referred to as the climatic climax com-
munity, for example, deciduous woodland in the
cool temperate climates of northwest Europe
and eastern North America. The climax com-
munity is perceived as having greater species
diversity than earlier successional stages and is
a correspondingly more stable community
under conditions of higher levels of complexity
and interdependence. Intuitively attractive
though the notion is, it is now realized that the
dynamics of ecosystems are such that equili-
brium, implying stasis, is unlikely to be achieved
due to spatial and temporal variability in envir-
onmental determinants, imposing ecological
stresses of varying degrees of magnitude upon
communities. Change, as opposed to stability,
in community composition is probably the norm
and the term ‘mature community’ is a more
appropriate one to describe ecosystems even-
tually developing when the degree of stress is
low. MEM

Reading
Burrows, C.J. 1990: Processes
London: Unwin Hyman.

of wegetation change.

climbingdune A TOPOGRAPHIC DUNE that has
developed on the windward side of a topo-
graphic obstacle, as airflow and sand transport
is disrupted by the barrier. Where the hill slope
is less than 30° sand transport is not disrupted,
but at 30-50° a dune develops, up to twice as
long as the height of the hill (Cooke ez al.
1993). If the barrier is a discrete hill rather
than an escarpment, the dune may eventually
wrap around the obstacle. See also ECHO DUNE.

DSGT

Reference
Cooke, U., Warren, A. and Goudie, A.S.G. 1993. Deserr
geomorphology. London: UCI. Press. Pp. 353-4.

climogram Usually refers to two types of cli-
matic diagram, a climograph and a hythergraph,
which were introduced by T. Griffith Taylor in
1915. The diagrams depict graphically the
annual range of climatic elements at a particular
location, emphasis being placed on the way in
which these elements affect the comfort of man.
In a climograph mean monthly WET-BULB TEM-~
PERATURE is plotted as the ordinate and mean
monthly relative humidity as the abscissa. The
points are then joined to form a 12-sided poly-
gon. In a hythergraph mean monthly tempera-
ture is plotted against mean monthly
precipitation. Data for several stations, repres-
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enting different climatic zones, are usually
plotted on a single climogram, for comparative
purposes. Many other types of climogram have
been devised (Monkhouse and Wilkinson

1971). DGT
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cline A gradation in the range of physiological
differences within a species which result from
the adaptions to different environmental
conditions.

clinometer An instrument for measuring
angles in the vertical plane, particularly those
of dipping rocks and hillslopes.

clinosequence A group of related soils that
differ in character as a result of the effect of slope
angle and position.

clint The ridge or block of limestone between
the runnels (grikes) on a rock outcrop. Clints
form on remnant features caused by the solution
of the limestone by water under soil or drift
cover, etching weaknesses or joint patterns in
the rock. Clint is an English term (helk is also
used) but the features are called KARREN in Ger-
man. The most famous clints and grikes can be
found at Malham Tarn, Malham, Yorkshire.
PAB

clisere The series of climax plant commu-
nities which replace one another in a particular
area when CLIMAX VEGETATION is subjected to a
major change in climate,

clitter Massive granite boulders, especially
those found on Dartmoor. Clitter probably
represents a type of blockstream or blockfield
which may have resulted from the fashioning
of tors.

cloud dynamics The role played by air
motions in the development and form of clouds.
Extensive sheets or layers of stratiform cloud are
an expression of the gentle, uniform and wide-
spread ascent of deep layers of moist air. In
contrast, localized convective or cumuliform
cloud bears witness to the presence of more
vigorous but much smaller-scale ascent of
moist bubbles of air.

Widespread ascent is associated with the
extensive low-level convergence and frontal
upgliding that characterizes middle latitude
depressions, and involves vertical velocities of a
few cms™! which can reach 10cms™! in the



vicinity of the fronts. Cirrostratus, altostratus
and stratus are products of this kind of ascent,
although they can be modified if they occur in
thin layers and are not shielded by any higher
level cloud. A stratus layer cools at its top by
radiation to space and is warmed at its base by
absorbing infrared radiation emitted from
below. This process destabilizes the layer, lead-
ing to overturning and a dappled appearance as
the stratus is gradually transformed into strato-
cumulus. Cirrocumulus and altocumulus can
also form in this way.

Localized ascent is associated generally with
strong surface heating in an unstable atmo-
sphere such as occurs occasionally over sum-
mertime continents or in polar air outbreaks
across oceans. The rising convective bubbles
transport heat upwards in a central core of air
which becomes visible as a cumulus cloud once
condensation occurs. When these clouds occur
on settled days in the form of fair weather cumu-
lus they tend to be only 1-2 km deep and display
updraughts of up to 5ms™'. In unsettled
weather convection can extend to the tropo-
pause and these cumulonimbus clouds exhibit
updraughts often stronger than 5ms~! and
exceptionally up to 30 ms~!. These convective
clouds are surrounded by clear sky in which the
air is sinking gently.

Cumulonimbus clouds go through a unique
dynamical life cycle which is most developed at
maturity with an organized up- and down-
draught, the latter of which flows out at the
surface as a gust front. The dissipating stage is
dominated by downdraughts associated with
extensive rainshafts and evaporative cooling of
the raindrops. RR

cloud forest Occupies those zones in moun-
tainous terrain where clouds occur sufficiently
regularly to provide moisture to support the
growth of forest, which is often of broad-leaved
evergreen type.

cloud microphysics Deals with the physical
processes associated with the formation of cloud
droplets and their growth into precipitation par-
ticles. Liquid water droplets and ice crystals in
clouds all possess a nucleus; the former have
hygroscopic nuclei (e.g. dust, smoke, sulphur
dioxide and sodium chloride) and the latter
freezing nuclei which form most commonly
between 15 °"C and —25“C (for example very
fine soil particies). The hygroscopic nuclei vary
in diameter between 4 x 10" 'mand 2 x 10 m
and exhibit concentrations of about 10°m™3 in
oceanic air and 10°m~2 in continental air.
Microphysics is concerned with explaining how

CLOUD STREETS

cloud droplets which have diameters from less
than 2 x 107®m up to 10~* m grow to precipi-
tation particle diameters of up to 5 x 107*m
(drizzle) and above (rain).

It is observed that at a given temperature
below 0 °C, the relative humidity above an ice
surface is greater than over liquid water and that
saturation vapour pressure over water is greater
than over ice, notably between —5°C and
-25°C. The result is that in clouds where ice
crystals and supercooled water droplets coexist,
the crystals grow preferentially by SUBLIMATION
at the expense of the droplets. This Bergeron—
Findeisen mechanism is important in precipita-
tion production especially in the extra-tropics
where a good deal of clouds have substantial
layers colder than 0°C. This means that
most rain and drizzle in these areas starts off as
ice crystals or snowflakes high in the parent
cloud.

In natural clouds the droplet size varies and
those that have grown on giant nuclei are large
and exhibit the greatest fall speeds. These drop-
lets grow by colliding with slower moving smal-
ler droplets and this process of coalescence is
efficient enough to produce drizzle size or some-
times raindrop size particles. It is most favoured
in deep clouds with prolonged updraughts and
is fairly commmon in clouds of tropical maritime
origin. Cloud electrification increases the effi-

ciency of coalescence. RR
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cloud streets Rows of cumulus or stratocu-
mulus clouds lying approximately along the
direction of the mean wind in the layer they
occupy. A single cloud street may form down-
wind of a persistent source of thermals, but
extensive areas of parallel streets are common,
being associated with a curvature of the vertical
profile of the horizontal wind. The axes of adja-
cent rows are separated by distances which are
approximately three times the depth of the layer
of convection. They are especially frequent over
the oceans during outbreaks of cold arctic or
polar air. The air motion within the cloud streets
is one of longitudinal roll vortices, with air
undergoing spiralling motions. KJW
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clouds Both the most distinctive feature of the
earth viewed from space (see SATELLITE
METEOROLOGY) and the most transient element
of the climate system. At any time about half of
the globe is covered by clouds composed of
water droplets or ice crystals and occurring at
altitudes throughout the TROPOSPHERE. The
dynamic nature of cloud processes (see CLOUD
DYNAMICS) is most readily viewed on a bright
summer day when vertical development is vig-
orous. Clouds are formed when air is cooled
below its saturation point (see CLOUD MICRO-
PHYSICS). This cooling is usually the result of
ascent accompanied by ADIABATIC expansion,
Different forms of VERTICAL MOTION give rise to
different cloud types: vigorous local CONVECTION
causes convective clouds; forced ascent of stable
air (usually over an adjacent AIR MASS) produces
layer clouds and forced lifting over a topo-
graphic feature gives rise to orographic clouds,
which may be convective or stable in character.
Clouds can also form as a result of other pro-
cesses, such as the cooling of the lowest layers of
the atmosphere in contact with a colder surface
in, for instance, the formation of radiative FOG as
a result of radiative cooling of the surface at
night and advective fog resulting from move-
ment of warm, moist air across a cold surface.
The International Classification scheme (WMO
1956) groups clouds into four basic categories
and uses the latin names given to them by an
English chemist Luke Howard in 1803; cumulus
— a heap or pile; stratus — a layer; nimbus — rain;
and cirrus — a filament of hair. Additionally the
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height of the cloud can be indirectly identified
by the use of the terms: strato — low level; alto ~
middle level; and cirro — high. Thus, middle
level, cumuliform cloud, often known as a
‘mackerel sky’, is called altocumulus. Clearly
many different combinations of character and
height descriptors are possible. The passage of
a warm sector depression system often includes
rain from nimbostratus clouds while conditions
in summer frequently lead to cumuliform devel-
opment, perhaps culminating in a fully fledged
cumulonimbus ¢loud and a THUNDERSTORM.
AH-S
Reference
WMO 1956: International cloud atlas.
Meteorological Organization.
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cluse Originally a French term, now in gen-
eral use to describe specifically a steep-sided
valley which cuts through a mountain ridge in
the Jura mountains.

cluster bedform A particular type of BED-
FORM associated with gravel-bed rivers, and
comprising an aggregation of individual grains,
often of varying sizes. Cluster bedforms can be
classified (e.g. Richards and Clifford 1991) by
their orientation with respect to the flow: either
transverse or parallel. Transverse bedforms can
be classified into three scales of feature: (1)
TRANSVERSE RIBS; (2) transverse CLAST dams;
and (3) STEP-POOL SYSTEMS. Transverse ribs are
the smallest features, comprising regularly
spaced pebble, cobble or boulder ridges formed



when rolling or sliding grains stall against
already stationary grains. Transverse clast
dams are larger in scale, often associated with a
wider particle size distribution, with larger clasts
forming the building blocks of the dams. It is
not uncommon to observe infilling of fines
between these dams. Step-pool systems are
associated with particularly steep, coarse-
bedded channels, with a low depth to grain
size ratio. They are stable at most discharges,
and the time-scales at which these three types of
bedform adjust to flow and sediment transport
is one of their major characteristic features. Ribs
and dams are more dynamic than step-pool sys-
tems because they generally involve smaller
clasts and are therefore moved at a much wider
range of discharges. The main type of bedform
that is parallel to the flow is the pebble cluster.
This comprises a large core clast, with larger
particles that have stalled on its sTOSS side, and
smaller particles that accumulate in the flow
separation zone in its lee. These are exception-
ally common in all gravel-bed channels and are
also very mobile. As a group, cluster bedforms
are now recognized to play a critical part of the
dynamics of gravel-bed rivers. The can signifi-
cantly enhance ROUGHNESS and create important
flow structures, both of which have implications
for the BEDLOAD transport process. In general,
they increase roughness, reduce sediment trans-
port rates, and may be a critical part of the
sediment sorting process. SNL
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coastaldunes Deposits of AEOLIAN sand adja~
cent to large bodies of water. Coastal dunes may
form in marine, LACUSTRINE or fluvial environ-
ments, with most forms similar to those found in
arid environments. Foredunes are the character-
istic coastal dune, as their form usually displays
some influence of the adjacent water. Large
dune complexes are most common along low
relief coasts, adjacent to rivers, on BARRIER
1SLANDS and spits, or along arid coastlines.
Coastal dunes are also distinguished from
dunes in other environments by the morpho-
logical signatures of hydrodynamic erosion,
especially dune scarping, and by the importance
of vegeration in controlling dune development.
The sediment source for most coastal dunes is
an adjacent beach, where aeolian erosion and
transport provides the linkage of the systems.
Along many coasts, sand stored in the dunes

COEFFICIENT OF VARIATION

represents a significant fraction of the material
in the sediment budget.

Coastal dune systems often require careful
management. In many environments, these
dunes provide critical habitat for plants and ani-
mals, and they may serve as important, local
sources of fresh water. The dunes also offer
important protection against coastal erosion
and flooding. They act as a sediment reservoir
to feed the nearshore system during erosive
events, and when water levels are elevated, lin-
ear foredune systems act as barriers to flooding.
For these reasons, coastal dunes are often
socially valuable landforms. DJS
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coccoliths The mineralized (calcite) compon-
ents of single-celled green ALGAE called cocco-
lithophores. They are generally spherical or oval
in shape and are usually smaller than 20 ums
and are often referred to as nanofossils.
Although a few species are adapted to either
fresh or brackish water, coccolithophores are
super-abundant in the world’s oceans, and are
one of the principal components of modern
deep-sea sediments. Studies have shown that
many species are associated with distinct
thermal characteristics and they provide an
important means of determining ocean palaeo-
temperatures and hence past climates. SLO

cockpit karst The scenery produced by the
solution of limestone resulting in a hummocky
terrain of conical residual hills surrounded by
DOLINES or SINKHOLES. They are very character-
istic of Jamaican limestone scenery and are often
associated with humid tropical karst landscapes.

The hills are also called KEGELKARST oOr
MOGOTES. PAB
Reading

Sweeting, M.M. 1972: Karst landforms. London: Mac-
millan.

coefficient of permeability See PERMEABIL-
1TY.

coefficient of variation (CV) is a relative
measure of the variability within a group of
observations or other numerical data. It is
defined as the standard deviation divided by
the mean, and expressed as a percentage. That
is,
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For example, the numbers 0, 1,...10 have a
mean of 5 and a standard deviation of 3.3, and
hence a CV of 66.3%. A useful property of the
CV is that it is not affected by the units of
measurement. Thus, using the CV, the variabil-
ity in yearly rainfalls over a catchment, scaled in
mm, can be compared directly to the variability
in resulting river flows measured in ML, since
the variability is expressed as a dimensionless
percentage of the mean. For the numbers 0,
1,...100, both the mean and the standard
deviation are 10 times larger than for the num-
bers 0, 1,...10 (50 and 33.2 respectively) but
the CV is the same (66.3%). DLD
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coevolution The evolutionary interaction
between two species so that over a long period
of time they become co-adapted to each other
through a series of selective influences. The pre-
dator-prey relationship in animals provides
some of the clearest examples. A predator such
as a cheetah has evolved to outrun prey such as
gazelles, whose defence is to run faster them-
selves, and to evolve more sensitive detection
mechanisms, forcing the cheetah to stalk more
quietly and unobtrusively. Coevolution between
insects and plants has been the subject of much
recent work. Besides the numerical relationship
between the ecological ‘conspicuousness’ of
plants such as the oak tree in England, with
about 300 insect species associated with it, con-
trasting with the ash, with less than fifty asso-
ciated insects, there are some very precise and
beautiful examples which are less obvious. Chem-
ical defences may be used by plants against
particular insects — e.g. oak produces leaves with
more tannin as a defence against defoliating
caterpillars — or else mimicry may be employed.
An example of this is the extraordinary way in
which the leaves of Passiflora species in central
America mimic the leaves of other rain-forest
species in an attempt to deceive Heliconiid but-
terflies who otherwise may lay their eggs on the
leaves. Some Passiflora species even produce
small swellings on the leaves to mimic butterfly
eggs and hence escape predation! Coevolution
must also have occurred between larger herbi-
vores and grazed vegetation: the production of
spines, of tough unpalatable leaves and of basal
shoots as in grasses, are all responses to grazing
pressure.

Coevolution can also lead to SYMBIOSIS or
mutualism, as in lichens, and other relationships
which may be looked upon as controlled or
‘beneficial’ parasitism such as that between
mycorrhizal fungi and their host plants. The
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whole field of pollination ecology also throws
up many examples of coevolution between
insects and plants. KEB
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cohesion The attraction of particles to each
other (usually clay minerals in soils) which is not
governed directly by a FRICTION law (i.e. it is
independent of STRESS) but does provide a mea-
sure of the strength of a material. Thus sands do
not exhibit cohesion but what is termed (inter-
granular) friction, while clays, or soils which
contain clays, show cohesion. The strength is
supplied by the structure of the clay minerals
and the way in which chemical bonding is pro-
duced in these structures. It can be measured, as
in soil mechanics, by the MOoOHR-COULOMB
EQUATION. WBW

col A pass or saddle between two mountain
peaks or a narrow belt of low pressure separating
two areas of high pressure.

cold front A frontal zone in the atmosphere
where, from its direction of movement, rising
warm air is being replaced by cold air. It has an
average slope of about 1 in 60 over the lowest
several hundred metres rather like the forward
bulge of a density bore. Above this level both
warm and cold fronts have similar slopes. A cold
front is often found to the rear of an EXTRA-
TROPICAL CYCLONE marking a sudden change
from warm, humid and cloudy weather to
clear, brighter weather. Satellite images usually
show cold fronts clearly, as a thick band of cloud
spiralling away from the depression centre.
Where uplift within the warm air is rapid, rain-
fall may be heavy along the cold frontal zone. As
it passes, temperatures fall suddenly together
with a rapid veering of the wind. PS

cold pole Can be defined as the location of
lowest mean monthly temperature, or of lowest
mean annual temperature, or of the coldest air
in the TROPOSPHERE. The last case is usually
indicated by the area of lowest THICKNESS on
the chart of 1000-500 mb thickness, and in Jan-
uary is found in the northern hemisphere over
north-east Siberia, and in July over the north
pole. In the southern hemisphere the lowest
1000-500mb thickness is found over the
Antarctic continent. The lowest surface air



temperatures in the northern hemisphere are
found in north-east Siberia at Verhojansk and
Oymjakon, where they have reached —-68°C.
The lowest surface air temperatures in the
southern hemisphere are recorded in Antarctica,
where they have reached —88 °C. IGL

coleoptera Beetles, one of several orders of
insects. In Quaternary studies the remains of
coleoptera have proved especially valuable, for
the following reasons: (1) unlike other orders,
their hard chitinous exoskeletons, especially
wing cases, withstand burial and preservation
in sediments; (2) the order is one of the largest
in the insect kingdom; (3) remains are well docu-
mented, facilitating relatively easy identifica-
tion to the species level; (4) many species are
stenotypic — i.e. have distinct environmental
controls on their distribution; and (5) they
respond relatively rapidly in their distribution
in response to environmental changes. The use
of coleoptera remains in Quaternary studies has
especially been developed by G.R. Coope, who
has noted that, due to the above reasons
‘Coleoptera [are] one of the most climatically
significant components of the whole terrestrial
biota’ (Coope 1977). MEM
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Coope, G.R. 1977. Quaternary Coleoptera as aids in the
interpretation of environmental history. In F.W. Shotton
ed., British Quaternary studies: recent advances. Oxford:
Oxford University Press.

colk A pot-hole in the bed of a river.

colloid Any non-crystalline, partially solid
substance. Often applied to individual, lens-
shaped particles of clay.

colluvium Material that is transported across
and deposited on slopes as a result of wash and
mass movement processes. It is frequently
derived from the erosion of weathered bedrock
(eruviuMm) and its deposition on low-angle
slopes, and can be differentiated from ALLU-
viuM, which is deposited primarily by
fluvial agency. Colluvium may be many metres
thick, often contains fossil soil layers
which represent halts in deposition, shows
some crude bedding downslope, and is generally
made of a large range of grain sizes. Cut and fill
structures may represent phases when stream
incision has been more important than colluvial
deposition, and in southern Africa (Price
Williams ez al. 1982) many colluvial spreads
have suffered from intense DonNGA (gully)
formation. ASG
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sequences and palaeoenvironment in Swaziland, South-
ern Africa. Geographical journal 148, pp. 50-67.

colonization The occupation by an organism
of new areas or habitats thereby extending either
its geographical or its ecological range. For colo-
nization to succeed three main phases are
usually necessary; effective dispersal or migra-
tion, germination or breeding and establish-
ment, and, finally, survival in the new site
through time. Most colonizing species are sub-
ject to R-SELECTION. Species which are able to
increase their numbers exponentially on arrival
in a new area have strong advantage (e.g. annual
and biennial plants), while animals exhibiting
behavioural adaptability and a marked ability
to learn new behaviour tend to be natural colo-
nizing species. Man has proved a potent aid to
many colonizers, spreading them to new areas
where they have subsequently flourished (e.g.
Opuntia stricta in Australia) or opening up new
habitats ripe for colonization. (See also ALIENS;
DISPERSAL; R- AND K-SELECTION.) PW
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Elton, C.S. 1958: The ecology of invasions by animals and
plants. London: Methuen. - Krebs, C.J. 1978: Ecology: the
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phical ecology. New York: Harper & Row.

combe, coombe A small, often narrow valley.
Frequently applied to the dry or seasonal stream
valleys of chalk country.

comfort zone The range of meteorological
conditions within which the majority of the
population, when not engaged in strenuous
activity, will feel comfortable. It is often
expressed in terms of effective temperature
(ET), which combines dry-bulb and WET-BULB
TEMPERATURES and air movement into a single
biometeorological index. The comfort zone var-
ies with climatic zone and season of the year.
Personal factors such as age, clothing, occupa-
tion and degree of acclimatization are also
important. In the tropics, the comfort zone is
often taken to range from 19 to 24.5°C ET. In
the UK, comparable values are 15.5-19°C ET
in summer and 14-17°C ET in winter (Air
Ministry  1959). The effects of direct
exposure to solar radiation are not normally
included in a consideration of the comfort
zone. DGT
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climates of the conterminous United States: a bioclimatic
classification based on man. Annals of the Association of
American Geographers, 56, pp. 141-79.

commensalism The weakest type of associa-
tion of species living together in syMmBIosis. One
or more ‘guest’ species benefits from living in
association with a ‘host’ species, but the latter
neither benefits nor is harmed by the presence of
the guests. Mites which live in human hair
represent a case in point, as also does the pitcher
plant (Nepenthes), which can host up to nineteen
species. On a world scale commensalism is most
common in oceans, especially in the Indian and
West Pacific oceans, where at the generic level it
attains 59 per cent among caridean shrimp
populations (Vermeij 1978). DW
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comminution The reduction of a rock or
other substance to a fine powder, often as a
result of abrasion.

community Any assemblage of populations
of living organisms in a prescribed area or habi-
tat. The term ‘community’ is an ecological unit
used in a more general, broad, collective sense
to include groups of various sizes and degrees of
integration. The community comprises a typical
species composition that has resulted from the
interaction of populations over time.

Botanists and zoologists have defined the
term community in widely differing ways.
Three main ideas are involved in community
definitions, which claim to have one or more of
the following attributes:

co-occurrence of species,
recurrence of groups of the same species,
homeostasis or self-regulation.

Two opposing schools have developed in eco-
logy over the question of the nature of the com-
munity. The Organismic school suggests that
communities are integrated units with discrete
boundaries. The Individualistic school suggests
that communities are not integrated units but
collections of populations that require the same
environmental conditions. AP

Reading
Krebs, C.J. 1985: Ecology: the experimental analvsis of
distribution and abundance. New York: Harper and Row.

compaction In engineering terms, the expul-
sion of air from the voids of a soil. This is usually
achieved by artificial means, e.g. with various
types of roller in road and dam construction. It
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differs from CONSOLIDATION which is usually a
natural process, although the latter may involve
some air expulsion. The aim of compaction is to
achieve a high bulk density or lower vOID RATIO,
so improving the overall strength of the soil.
WBW

compensation flows Designated river dis-
charges that must continue to flow in a river
below a direct supply reservoir or abstraction
point to allow for other riparian activities and
interests downstream. Such flows are legally
established in different ways in different coun-
tries and at different times, and may be neces-
sary to maintain water quality, to satisfy the
needs of wildlife or recreation, or to provide
water for other abstractors or users. JL

competence The competence of flowing
water is the maximum particle size transportable
by the flow. A related concept is the threshold
flow, which is the minimum flow intensity cap-
able of initiating the movement of a given grain
size. When the largest grains on a stream bed are
just mobile the flow is the threshold (critical)
flow for those grains, and their size represents
the competence of the flow. It is possible to
predict theoretically the threshold flow condi-
tions for non-cohesive grains coarser than
0.5-0.7 mm, by balancing moments caused by
fluid drag and particle immersed weight
(Carson 1971, p. 26; Richards 1982, pp. 79~
84). The threshold shear stress increases linearly
with the grain diameter, while threshold velocity
increases with the square root of grain diameter
or the one-sixth power of its weight (the so-
called ‘sixth-power law’). These relationships
can be used to define the competence of a
given shear stress or velocity (see HJULSTROM
CURVE). However, the competence to maintain
particle motion is usually greater than that to
hiate motion, so large grains may be carried
through a reach in which they cannot be
entrained.

In flowing water grain motion is normally
caused by fluid stresses. In air, however, an
impact threshold also occurs. The kinetic energy
of a sand grain travelling by SALTATION in air
allows it to move grains up to six times its size.
The concept of fluid competence is therefore
less applicable to aeolian transport. KSR
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competition The inevitable interactions
berween members of the same and different



species attempting to secure limited resources
from the environment, and leading to increases
and decreases in the populations of more and
less successful organisms. Competition takes
many forms: between plants for light, water,
space and nutrients; between animals for
mates, food, shelter and for social position
within a hierarchy. While many of the principles
are the same for both plants and animals, there
are several obvious practical differences, such as
the ability of plants to spread and reproduce
asexually. Competition is also a very complex
phenomenon, with many of the precise mechan-
isms by which it occurs being poorly under-
stood. The literature tends, therefore, to be
over-reliant upon a relatively small number of
classic case studies. More recently, there has
been increasing recognition of the role of other
factors in the distribution of species and the
structure of plant and animal communities,
particularly herbivory, predation and habitat
disturbance.

The classic experiments concluded that spe-
cies grown together in the same environment
did not do as well as when grown separately,
for one species tended to triumph and the
other became extinct. This led to the ‘competit-
ive exclusion principle” and quantitative expres-
sions such as the Lotka-Volterra equations
(Begon er al. 1990, pp. 247-51), based on the
logistic curve of POPULATION DYNAMICS. All dis-
cussion of competition also involves considera-
tion of the concept of the NICHE, the position of
an organism within the community and its inter-
relationships with the organisms around it, as
extensively reviewed by Putman and Wratten
(1984).

Reviews of the influence of competition on
community structure tend to stress the import-
ance of other factors, while not doubting that
competition has a major role (e.g. Begon et al,
1990), though some see the predictions of a
simple theory of competition for essential
resources as the main explanation of the
observed patterns (Tilman 1986), at least in
plant communities. KEB

Reading and References

Begon, M., Harper, J.L.. and Townsend, C.R. 1990: Ecol-
ogy. 2nd edn. Oxford: Blackwell Scientific. - Putman, R.J.
and Wratten, S.D. 1984: Principles of ecology. Beckenharn,
Kent: Croom Helm. - Tilman, D. 1986: Resources, com-
petition and the dynamics of plant communities. In M.].
Crawley ed., Plant ecology. Oxford: Blackwell Scientific.

complex response The term introduced by
Schumm (1973) to describe the variety of linked
changes which may occur within a drainage
basin in response to the single passage of a geo-
morphical THRESHOLD. These changes may well

COMPRESSING FLOW

be both spatially and temporally separated and it
may, in consequence, be difficult ex post facto to
establish that all are ultumately due to a single
event. BAK
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complex response of drainage systems. In Marie Mori-
sawa ed., Fluvial geomorphology. Publications in geomor-
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compressing flow Compressing and extend-
ing flows describe longitudinal variations in
velocity in a moving medium. The concept is
widely used in glacial geomorphology to
describe longitudinal variations in flow along
the length of a glacier (Nye 1952). Compressing
flow refers to a reduction in the length of a unit
of glacier ice in a downstream direction, and
extending flow refers to an increase in length in
the same direction. Such changes must be
accompanied by a corresponding variation in
glacier width or height. As valley walls often
prevent lateral expansion the variations in a gla-
cier are commonly accompanied by a change in
depth, with compressing flow associated with
thickening and extending flow with thinning.
Any such thickening must be associated with
an upward component of ice flow while thinning
is associated with a downward component of ice
flow. When such vertical flow is superimposed
on normal down-glacier flow it can have import-
ant geomorphological effects by redistributing
rock debris. Compressing flow can bring basal
debris to the surface and its later deposition by
the melting of underlying ice can lead to com-
plex hummocky moraine landforms. Extending
flow can carry surface and englacial material to
the glacier bottom, thus replenishing the supply
of erosive tools. Such vertical movements are
usually taken up by ice deformation or CREEP,
but where stresses are sufficiently high thrusting
and faulting may occur. The association of com-
pressing and extending flows with changing ice
thickness leads to predictable spatial associa-
tions. Extending flow is characteristic of the
accumulation zone where the glacier mass
increases downstream, while compressing flow
is common in the ABLATION zone where the gla-
cier thins downstream, and especially near the
snout where thinning is most marked. Extend-
ing flow is also associated with a bed convexity
which steepens downstream, as in the case of an
ICE FALL, while compressing flow occurs as the
glacier crosses a bed concavity. Variations in the
rate of BASAL SLIDING along the length of a gla-
cier can also induce compressing and extending
flows. For example, a change from warm- to
cold-based thermal regime or a thinning of the
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basal water layer in a downstream direction
favours compressing flow, while the opposite
conditions favour extending flow. DES

Reference
Nye, J.F. 1952:; The mechanics of glacier flow. Journal of
glaciology 2.12, pp. 82-93.

compressional Pertaining to descending
atmospheric air masses, which as a result of
pressure increases are warm and dry. Also per-
taining to geological faults and fractures which
are the product of lateral increases of pressure
and to earthquake waves, specifically P-waves.

conchoidal fracture A fracture in a rock or
mineral which is shaped like a shell, i.e. concave
down. The characteristic fracture of siliceous
rocks and minerals.

concordant Within the same plane. Applied
particularly to the mountain summits of a
region, the concordance of summits attesting
to the existence of a plateau prior to incision
and dissection of the landsurface.

concordantcoast A coastline where the gen-
eral orientation is parallel with, and controlled
by geological structures. The western coastlines
of the Americas are usually concordant, exhibit-
ing control by adjacent faults. The DALMATIAN
coasT of Yugoslavia is concordant. The
east coast of the United States is discordant,
with Cape Cod and Long Island representing
orientations perpendicular to the general coastal
trend. DJS

concretion A solid lump or mass of a sub-
stance, or aggregates of these, incorporated
within a less competent host material.

condensation The process of the formation
of liquid water droplets from atmospheric water
vapour mainly onto ‘large’ hygroscopic nuclei
with diameters between 2x 107"m and
107%m. The cooling necessary to produce con-
densation in the atmosphere is effected either by
ADIABATIC expansion during ascent, by contact
with a colder surface or by mixing with colder
air. The LATENT HEAT released during this pro-
cess can be a significant source of heat in
weather systems. RR

conductance, specific A measure of the abil-
ity of an aqueous solution to conduct an elec-
trical current. It is reported in units of
microsiemens  per centimetre at t°C
(1S cm™!1°C). Pure water has a very low specific
conductance, but the conductance will increase
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with an increasing concentration of charged ions
in solution. Individual ions exhibit different con-
ductance values and the level of conductance
recorded for a given total ion concentration
will therefore vary according to its ionic com-
position. For most dilute natural waters an
increase in temperature of 1°C will increase
the conductance by approximately 2 per cent
and values of specific conductance are normally
corrected to a reference temperature of 20 or
25°C.

Because specific conductance (SC) measure-
ments are simple and rapid to make, and reflect
the total ion concentration, they have been
widely used as a means of estimating the total
dissolved solids (TDS) concentration of water
samples. The relationship between SC and TDS
for waters of different chemical composition is
generally determined empirically and commonly
takes the form:

TDS = KSC
where K varies between 0.55 and 0.75. This
relationship may be complicated by changing
ionic composition and by the presence of non-
ionized material in solution (e.g. SiO, and dis-

solved organic matter) which will contribute to
TDS but not SC. DEW
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Foster, I.D.L., Grieve, 1.C. and Christmas, A.D. 1982:
The use of specific conductance in studies of natural
waters and solutions. Hydrological sciences bullerin 26,
pp. 257-69.

conductivity, hydraulic The term given to
the parameter K in the equation defining DAR-
cy’s Law. It is concerned with the physical prop-
erties of both the fluid and the material through
which it flows, reflecting the ease with which a
liquid flows and the ease with which a
porous medium permits it to pass through it.
Hydraulic conductivity has the dimensions of a
velocity and is usually expressed in m s™!. Since
hydraulic conductivity may vary according to
direction, K., K, and K, can be used to
represent the hydraulic conductivity values in
the x, v and z directions. Hydraulic conductivity
should be distinguished from the term PERME-
ABILITY (or INTRINSIC PERMEABILITY) k& which
refers only to the characteristics of the porous
medium and not to the fluid which passes
through it.

The saturated hydraulic conductivity of soils
and other sediments may be measured in the
laboratory with a PERMEAMETER. If samples are
essentially undisturbed, the results are point
values representative of the field conditions.
However, the hydraulic conductivity of an aqui-
fer (see GROUNDWATER) is best determined by



field methods. Piezometer tests can be used to
determine in situ K values in a porous material
around a piezometer tip. Pumping tests at a well
provide measurements representative of a much
larger aquifer volume (Freeze and Cherry
1979). PWW

Reference
Freeze, R.A. and Cherry, J.A. 1979: Groundwater. Engle-
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cone of depression The shape of the depres-
sion in the WATER TABLE surface around a well
that is being actively pumped for GROUNDWATER.
Pumping results in a lowering (or DRAW DOWN)
of the water table that is greatest in the well
itself, but reduces radially with distance from
the well. In a rock with horizontal PERMEABILITY
that is uniform in every direction, the cone of
depression will be symmetrical about the well.
But where groundwater flow occurs more read-
ily in one direction than in another (perhaps
because of the influence of dominant joints),
the cone of depression will be asymmetrical
and elongated in the direction of greatest per-
meability. Cones of depression can develop in
wells pumping both unconfined and confined

aquifers. PWW
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confined groundwater See GROUNDWATER.
congelifluction A general term applied to
the movement of rock and earth, usually
down hillslopes, as a result of freezing and
thawing of ice, especially in permafrost
regions.

congelifraction The weathering of rock by
freeze—thaw process.

congeliturbation A general term for the
heaving of the ground surface as a result of the
freezing and thawing of ice.

conglomerate A rock which is composed of
or contains rounded or water-worn pebbles and
cobbles more than about 2 mm in diameter.

connate water Water trapped in the inter-
stices of sedimentary rocks at the time of their
deposition. It is usually highly mineralized and
is not involved in active GROUNDWATER circula-
tion, although connate waters may be expelled
from their original location by compaction

CONSERVATION

pressure and migrate, accumulating in more
permeable formadons. (See also JUVENILE
WATER; METEORIC WATER.) PWW
conscious  weather modification Sece
WEATHER MODIFICATION,

consequent stream A stream which flows in
the direction of the original slope of the land-
surface.

conservation Used in its more general sense
to mean environmental conservation, the term
relates to the sustainable utilization, through
intervention and management, of the entire
range of environmental resources and processes.
Conservation is distinguished from preservation
insofar as it incorporates the element of sustain-
able utilization, whereas preservation implies
protection from any form of use. Thus,
conservation refers to the active maintenance
of elements of the environment, for example,
soil, water, biological diversity and other natural
resources in association with the recognition
that exploitation of such resources is essential
to human existence. The broader use of the
term is, however, relatively recent; historically
conservation has been synonymous with the
establishment of set-aside areas, so-called na-
ture reserves, for the preservation of, in the
main, wild animals. More recently, the need for
conservation of the spectrum of environmental
processes, both within and beyond reserve
boundaries, has been recognized. Many politi-
cians have jumped on the ‘conservation band-
wagon’ and the increase in environmental
awareness that has marked the 1990s, following
the Rio Earth Summit has led to the wider
application of conservation, i.e. sustainable util-
ization, principles. From being a rather negative
concept dealing with the preservation of
existing environmental processes, conservation
now invokes active and positive intervention as
an integral component of economic develop-
ment. The traditional ‘conservation versus
development’ debates are placed in perspective
by the acceptance of an expanded view of con-
servation.

The most common context for conservation,
nevertheless, remains the goal of maintaining
the earth’s biological diversity, a branch of
science which is referred to as conservation bio-
logy. Different levels of biological conservation
are apparent, ranging from entire ecosystem
conservation to the conservation of commun-
ities, habitats, species, populations or even
gene pools. Biological conservation is based on
sound scientific principles emanating from the
fields of, in particular, genetics and population
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ecology. With respect to conservation of endan-
gered plant and animal species within reserve
areas, significant advances were made in the
1960s following the development of ISLAND BIO-
GEOGRAPHY and nowadays theory and practice
around the management of so-called minimum
viable populations represents a key element of
conservation biology. Conservation using these
principles is both in sizu (i.e. in the natural envir-
onment) and ex situ (for example in botanical
and zoological gardens).

Much of the debate around conservation
remains focused on the protected area network.
The World Conservation Strategy, established
in 1980, formally introduced international pol-
icy aimed at conserving the environment
through the maintenance of essential ecological
processes and the preservation of genetic and
species diversity. The call for each country to
conserve a minimum of 10 per cent of its geo-
graphical area was made, although there is no
scientific basis for such an arbitrary value and it
by no means guarantees the meaningful protec-
tion of most of the plant and animal species
within any country. In any case, very few nations
would be able to boast a conservation estate of
10 per cent of their areas. In practice, politics
and economics as opposed to science, have
tended to dictate which areas are managed for
conservation purposes. Numerous criteria can
be put forward to evaluate an area, such as
total species diversity, the presence of rare spe-
cies and the naturalness or degree to which a site
has been modified by human activities. By
employing these and other conservation criteria,
it is hoped that land-use planning decisions
which minimize the environmental impact of
developments will emerge.

To most, including politicians, biological con-
servation has an undeniable value, although it
has proved remarkably difficult to convert such
value into the kind of economic entity that influ-
ences hard decisions about where to spend tax-
payers’ money. Of late, attempts to answer the
question ‘why conserve nature?’ have taken on a
less abstract form with the development of eco-
logical economics (Costanza 1991). Although it
is a difficult process, it is possible to sum the
various ethical, aesthetic and utility values of
conserving, for example, biological diversity to
construct a more persuasive, economically
based argument in favour of conservation.

Increasing concern with the degree of somL
EROSION, especially in seasonal rainfall climates,
has resulted in better soil conservation practices
with the intention of maintaining soil structure
and fertility. Soil management actually has a
long history in the early agricultural areas
around the Mediterranean, the Middle and Far
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East, as reflected in the adoption of, for ex-
ample, terraces and mulching techniques.
Since 1934 in the United States, the Soil Con-
servation Service has offered advice to farmers
about methods of soil tillage and management
aimed at minimizing soil loss by wind and water,
a movement which has since been emulated in
many other countries. MEM
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