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Greatest Floods and Largest Rivers

V.R. Baker

Department of Hydrology and Water Resources
University of Arizona

Baker@hwr.arizona.edu

Immense late-glacial floods occurred along the margins of ice sheets in North American
and Eurasia. The largest floods occurred in the Columbia River Basin (Missoula Floods)
and in central Asia. Numerous spillways constituted flood-integrated rivers in central
North America (Mississippi Basin) and Eurasia. The discharges for these temporary
rivers greatly exceeded any known modern river flows. Indeed, the discharges must be
measured in sverdrups, the unit of measure applied to ocean currents (! sverdrup equals |
million cubic meters per second). Discharges on the order of 10 to 20 sverdrups occurred
in the Channeled Scabland (Columbia River), the Altai (Ob River), Manych Spillway
(Caspian to Black Sea), and Dover Spillway (English Channel). An even larger flood,
perhaps 60 sverdrups, occurred at the terminal Miocene, when the Atlantic spilled
through Gibraltar Strait into the then-dry Mediterranean Basin. Although this flow is
exceeded by that of the Gulf Stream at about 100 sverdrups, larger flood flows occurred
on the planet Mars. The largest of the ancient Martian outflow channels probably
discharged at hundreds of sverdrups, making these channels the largest known rivers in
the universe.
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Geologic Control of the Hydrologic and Sediment Transport Regime of Large
Rivers: Some Examples from the U.S. Pacific Northwest
G. E. GRANT'  and J.E. O’CONNOR?
'"USDA Forest Service, Pacific Northwest Research Station, Corvallis, Oregon, USA
U.s. Geological Survey, Water Resources Division, Portland, Oregon, USA
gordon.grant@orst.edu

Many of the processes controlling runoff and sediment production at both small and
large scales are linked to the underlying geologic setting of a region. By virtue of
their size and length, large rivers typically cross one or more boundaries between
geological provinces, and their resulting hydrologic and sediment transport regimes
strongly reflects geologic controls. For example, the westward-flowing tributaries of
the Willamette River in western Oregon, U.S., flow perpendicular to regional
geologic trends, affording the opportunity to examine effects of geomorphology on
streamflow. Interaction of geologic substrate, topography and climate determines the
overall water and sediment discharge regimes, including the shape of the annual
hydrograph. Drainage density, reflecting hydraulic transmissivity of underlying rocks
influences the efficiency of the channel network during storms. Understanding
physical and biological responses of watersheds to human modifications requires
appreciation of this broader geomorphic framework.

Key words: large rivers, geologic controls, hydrologic regimes, geomorphic setting

2


yuichi onda
270


592

592

PROPAGATION THROUGH FLUVIAL SYSTEMS OF CHANGESIN
COUPLING RELATIONSHIPSINDUCED BY TECTONICS AND
CLIMATIC CHANGE
A.M. HARVEY *
Department of Geography, University of Liverpool, UK.
amharvey @liverpool.ac.uk

Most work on coupling in fluvial systems emphasises hillslope-channel coupling,
with little systematic work on larger scale coupling. This paper considers propagation
of changes in coupling at zonal and regional scales. At the zonal scale, alluvial fang
have a coupling/buffering role ketween sediment-source and transport/sink zones. At
the regional scale, basin-wide linkages are important. Changes in coupling may occur
through climatic or base-level changes, induced by local, climatic and/or eustatic and
tectonic factors. They may be expressed within the fluvial system by the downstream
propagation of a sediment wave or the upstream propagation of a wave of incision.
Coupling changes through alluvial fans operate over timescales ranging from hundreds
to thousands of years. At the regional scale, in drainage basins of tens to hundreds of]
km?, timescales of tens to hundreds of years are important for the downsystem
propagation of sediment waves, whereas the upstream propagation of the effects of
base-level change, operate over much longer timescales of thousands to tens of
thousands of years. This results in spatial differences within drainage basins of the
relative importance of tectonicaly and climatically induced signals in the landscape.

Key words: coupling, fluvial systems, base level, tectonics and climatic change
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Sediment Transport and Morphology of the Lower Mississippi River
C. THORNE', O. HARMAR' AND D. BIEDENHARN®
1. School of Geography, University of Nottingham, Nottingham, UK
2. Hydraulic and Coastal Laboratory, US Army Corps of Engineers, Engineering
Research and Design Center, Vicksburg, Mississippi, USA

The Lower Mississippi River annually transports about 170 million tonnes of sediment.

Historically, the quantity and calibre of sediment derived from catchment erosion have
been affected by changes in land-use and river management; increasing in the 19" and
early 20™ centuries before decreasing due to soil conservation and improved land
management. Sediment supply from tributaries has also decreased as a result of river
engineering, particularly on the Missouri River. The extent of eroding bankline along
the Mississippi has also been reduced, lowering the input of bank derived sediment.
Given these trends, it is not surprising that most studies of sediment movement report
a decrease in measured sediment loads along the Mississippi River over the last 50
years. However, a case can be made that the bed material load must have increased
since the 1940s. This argument is based on analysis of morphological changes
observed along the river that have led to an overall increase in slope and available
stream power, coupled with the fact that bed material sizes along the river have
remained almost constant. This paper addresses these arguments, reporting an
investigation of the recent history of sediment transport in the Lower Mississippi that
links trends in sediment load to morphological adjustments in space & time.
Keywords: Mississippi River, Sediment Transport, Morphological Adjustments
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Parana River Channel Adjustments to Dominant Discharge Changes
M. L. AMSLER'*, C. G. RAMONELL? and H. TONIOLO?
' Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET)
? Facultad de Ingenieria y Ciencias Hidricas, Universidad Nacional del Litoral
*mamsler@fichl.unl.edu.ar

The pattern of Parand River main channel is braided with a meandering
thalweg. In a plan view, a succession of widening and narrowing reaches are
typical, the former being shorter and deeper. The dominant discharge of river
was not constant during the XX Century: three periods of channel-dimension
adjustments were associated with its variations, through the evaluation of the
sedimentation/ erosion rates at enlargements and narrowing reaches. As it was
expected, the times required for a certain bank erosion during a high dominant
discharge period, were longer than those for a similar bank accretion occurred
during low dominant discharges. At a channel widening, the bank ecrosion
times were in average 24% larger than the bank sedimentation ones, whereas at
a channel constriction, the same relationship fluctuated in average between
300% and 450%. Thus, the stability of the Parani River constrictions are
markedly higher than its widenings. Modes of sedimentation/erosion processes
predominant at both geomorphic units explain the percentages differences. Key
words: Parand River, dominant discharge , channel adjustment times.
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The Araguaia-Tocantins fluvial basin: its role between the largest fluvial
basins of the world
E. M. LATUBESSE' and J.C STEVAUX"
'Federal University of Goias-IESA, Campus II, Goiania-GO, Brazil.
*University of Maringa, Geography, GEMA, Maring, PR, Brazil
latrubes@terra.com.br
Some of the largest rivers of the world are in South America.The Tocantins
Araguaia basin,is situated in the middle of tropical South America. Many conditions
make of the Araguaia-Tocantins River one of the more interesting large rivers of the
continent such as The Tocantins-Araguaia rivers is the fourth in size of South
America in drainage area and measure~800,000 km?; b)lts drainage area includes
two of the more important and large phytogeographic areas of South America: the
Amazon rainforest and the Brazilian savannah known as“Cerrado;c)lt includes one
of the most spectacular and relatively unknown areas of Quaternary alluvial
sedimentation of South America.The main objectives of this paper are to introduce
some data referred to the general context and some hydrological, pale hydrological
and geomorphologic characteristics of this practically unknown basin; to present
some new results about the morpho/sedimentary structure of the widespread
quaternary deposits and recent alluvial plain, thus as to remark the environmental
impacts that the Araguaia-Tocantins basin is suffering at present as consequence of

human induced changes.
Key Words: Araguaia-Tocantins basin, large rivers, geomorphology, hydrology
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Flood Dynamics and Hazards in the Brahmaputra Valley of India
ASHOK K BORA
Department of Geography, Gauhati University, Assam, India
e.mail : kkhlgu@gw1.vsnl.net.in

In the vast and dynamic river system of the Brahmaputra, the natural processes alone are
adequate to cause severe floods. The frequent landslides, steep slopes, easy erodibility of rocks
and high seismicity of the Himalayan domain coupled with heavy monsoonal rain constitute the
major natural causes of floods in the Brahmaputra Valley. Besides, a host of recently emerging
human-induced causes have also significantly contributed to an increase in flood size and
damages. The Brahmaputra floods during 1955-2000 with their mean annual magnitude of
47,608m’s™ having a recurrence interval of 2.56 years are usually characterised by large
magnitudes, high frequencies and extensive devastations. The large floods have their major
geomorphic impact on floodplain morphology and channel configuration resulting in severe
bank erosion and frequent thalweg shifting. The recurring floods of characteristically high
magnitudes assume devastating dimension heavily affecting the agrarian economy of the valley.
The extent and volume of flood damages have recently risen with concomitant changes in the
nature of flooding in terms of frequency and spread of inundation to new areas. A package of
appropriate flood management activities is regarded as the key factor of socio-economic
development of the valley.

Key Words: recurrence interval, channel configuration, geomorphic impact, thalweg shifting,

JSlood management.
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Physical Environment of the Riverine Charsin Bangladesh
M. H. SARKER" and R. KOUDSTAAL*
'EGIS, Dhaka, Bangladesh
" msarker @cegisbd.com

The land part of Bangladesh is constituted mainly of floodplain and ‘delta plain’ of
five large rivers- the Jamuna, the Ganges, the Padma, the Upper Meghna and Lower
Meghna. Average flood discharges of these rivers are within the range of 14,000 to
100,000 m*/s. Islands or bars are very common features in these rivers. In Bangladesh
the vegetated islands within the riverbanks are known as chars. Around one million
people live on these chars. Life and livelihood of the char dwellers are governed
mainly by the physical dynamics of the chars. Due to the historical evolution of the
Bengal basin, the rivers are very dynamic in nature, which facilitates to study these
rivers effectively using satellite images (with a resolution 30mx30m or more).
Analyses of satellite images in combination with social surveys can provide a holistic
impression about the physical environment of the chars of the different rivers. The
main rivers of Bangladesh are not in equilibrium. Three of them have been capturing
the floodplain at the rate of hundreds meter/year. The internal dynamics within the
river banks varies from river to river, resulting in variations in the formation and
stahility of the chars as well as in the extent and duration of the flooding on chars. It is
also to be noted that human interventions in the river system and exogenous factors
like sealeve rise can significantly affect the environment of these chars.

Key words: River, char, morphology, erosion, remote sensing.
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The channel morphology of a large dryland river system: the Barwon
Darling, Australia.
Martin C. THOMS, CRC for Freshwater Ecology, University of Canberra, ACT 2601.
Australia Thomsj@scides.canberra.eduau

The Barwon Darling River is one of Australia’s larger dryland systems with a
catchment area of 700,000 knf and a river length in excess of 2,500 kms. The channel
morphology of this system was investigated using a data set of over 600 cross sections
taken along length of the river. The morphology of the river channehighly variable
with a compound cross-sectional shape. This ‘nested compound channel’ has several
modes of operation: a high flow channel or ‘trough’, shaped by high magnitude, low
frequency flood events and a series of lower flow channels within the larger ‘trough’;
which represent adjustments to a highly variable hydrological and sedimentological
regime. Each low flow channel corresponds to aninset depositional bench, the height
of which varies above the river bed. Furthermore, the downstream behaviour of the
bankfull channel does correspond to traditional models cited in the literature. Multi-
variate analyses of the channel morphology data reveal six river zones along the river-
each of which is associated by a different set of larger scale valley and catchment
parameters. Within each zone there are strong but variable downstream patterns.
Keywords: channel morphology, dryland rivers, large river systems, downstream
behaviour
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Human Impacts on the Fitzroy River System, Central Queensland,
' Australia
Brian FINLAYSON*, Sandra BRIZGA and Karen WHITE
School of Anthropology, Geography and Environmental Studies
The University of Melbourne, Victoria, 3010, Australia
brianlf@unimelb.edu.au, sbrizga@ozemail.com.au, kazwhite@hotmail.com

The catchment of the Fitzroy River in Central Queensland is one of the largest river
systems in Australia. The post-settlement period (since 1850) has seen the introduction
of agriculture with extensive clearing of the native vegetation for grazing, cultivation
and damming the river for irrigation. Sections of the northern part of the catchment are
underlain by deposits of high quality coal that is now mined for export, mainly by
extensive open cut methods. This paper reviews the impacts of these activities on the
river system. The river gauging record spans the period of major vegetation clearing
for agriculture which permits an assessment of the impact of clearing on the hydrology
of large catchments. The impacts of dams and weirs on flow and sediment transport
are outlined. River channels have been shifted to allow the mining of the coal
underneath their channels initiating major erosion events. These impacts are then
assessed in relation to notions of channel equilibrium. The river may be adjusted to
rare flow events or even past climatic conditions and this paper explores the likely
response to human impacts under these non-equilibrium conditions.

Fitzroy River, human impacts, non-equilibrium channels
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