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A global perspective on denudation data, primarily specific
sediment yield in mountainous regions

Olav Slaymaker

Department of Geography, University of British Columbia, Vancouver, Canada, olav.slaymaker@ubc.ca

Abstract: A brief review of the evolution of denudation research since the 1960s is followed by a review of
specific sediment yield variability in mountainous regions of the world as a function of spatial scale, relief,
glaciation, lithology and disturbance type and location within the basin. A general model of scalar relations
of suspended sediment yield for Canadian regions warns against comparing data from basins with areas
ranging over several orders of magnitude. A regional summary of specific sediment yield in mountain-
ous British Columbia confirms that in basins <1 km? and >30,000 km? specific sediment yield decreases
with basin size whereas in basins of intermediate size (between 1 km? and 30,000 km?) specific sediment
yield increases with basin size. This effect is interpreted in terms of three distinct process zones in every
mountain basin. These zones can be characterized as a) generally degrading hillslope zones, b) generally
aggrading footslopes and valley sides, and c) channelized flows on valley floors demonstrating either net
aggradation or degradation. These are identifiable repeating elements in such landscapes. Suspended sedi-
ment yield data from mountainous regions around the world are considered in light of the British Columbia
model. Some support for the model is found where basins are stratified according to scale, relief, lithology,
disturbance types, and location within each basin. Disturbance types include the presence of glaciers, land
use activities of various kinds, such as increasing population pressure in the intertropical montane zone,
changing population distribution and associated economic activities in the temperate montane zone, and
potentially hydroclimate change.
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Introduction

The purpose of this study is to note some improve-
ments in understanding of the factors that govern
denudation over the past five decades, primarily
through intensive field work, sampling design, con-
ceptual modelling and analysis of surface erosion
and fluvial sediment flux. Slaymaker (1968, 1972)
advocated greater attention to questions of precision,
accuracy, sampling design and standardization in

procedures for collecting and reporting data on pat- Catchment 11273 Sampling Unit
terns of surficial erosion. His study remains unique = A Stope Plots
with respect to a hierarchical sampling design and 2 Stream Reach Plot
Site al Soil Creep Sites
. s . . a2 Bank Erosion Sites
Fig. 1. Schematic diagram of sampling units used to deter- b1 Scour and Fill Sites
mine patterns of subaerial erosion in Mid-Wales (Slay- b2 Bed Load Sites

b3 Suspended Load Sites

maker 1968, 1972)
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Fig. 2. Hierarchical design of field experiment in mid-Wales including ten drainage basins, twenty slope/stream reach plots
and two hundred sampling sites (Slaymaker 1972)
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C - regolith thickness, C’ — previous regolith thickness, W -
weathering rate, A — rate of waste arrival from upslope, R - rate
of waste removal in the downslope direction, d - local denuda-
tion rate, d; — rate of lowering of the slope foot (local baselevel)
(Ahnert 1987)

Fig. 3. General model of landscape evolution in mid-Wales
A - over Holocene time scale, B — over geological time scale
(Slaymaker 1972)
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Fig. 5. Pathways of major elements from land to ocean: storage areas in rectangles and interactions between sediments and
dissolved solids at continental aquatic system scale (Meybeck 2003)
Natural fluxes and pathways of material in black, major impacts of human activities in red
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Fig. 6. The absolute and relative importance of the different
denudative processes in sub-arctic oceanic eastern Ice-
land (Hrafndalur and Austdalur), arctic-oceanic Swedish
Lapland (Latnjavagge) and sub-arctic continental Finn-
ish Lapland (Kidisjoki) (Beylich 2011)

defining fundamental sampling units for integrated
surface erosion and fluvial sediment flux (Figs 1, 2).

The weakness of the study lay in its dependence
on temporally discontinuous measurements of sedi-
ment movement and the labour intensiveness of the
field procedures. The result of the study was to es-
tablish the importance of fluvial bank erosion as the
dominant denudational process in mid-Wales during
the Holocene epoch (Fig. 3).

At the same time, Ahnert (1970) was exploring
the potential of conceptual modelling of the mass
budget components of drainage basins through time.
His work transformed our thinking about denuda-
tion as it showed the range of possible interactions
between regolith thickness, weathering rate and
waste removal in the downslope direction (Ahnert
1987, Fig. 4).

Later, Meybeck (1979, 1982) asked the previously
neglected question What is the role of dissolved solids
and nutrients in the overall geochemical mass balance and
sediment mass budget? (Fig. 5). His flow diagram of
the interactions between the various processes driv-
ing the global geochemical mass balance of drainage
basins drew attention not only to the importance of
dissolved solids and nutrient pathways on their way
to the open ocean but also incorporated the anthrop-
osphere into the mass balance (Meybeck 2003).

Finally, in this overly brief overview, the work
of Beylich (2011, Fig. 6) provides a comprehen-
sive breakdown of all clastic and solute sources in
an integrated slope and channel system framework
(e.g. Beylich 2000, 2011). The absolute and relative
importance of the different denudative processes in
sub-arctic oceanic eastern Iceland, arctic-oceanic
Swedish Lapland, and sub-arctic continental Finnish
Lapland were determined for the first time.

Mountains and mountain typology

As a framework for understanding both sediment
yield and human occupance, the physiographic varia-
tion of mountains is important. A typology based on
elevation bands >500 m a.s.l. and relief >60 m km™!
is proposed as follows:

— high and very high mountains (>2,500 m a.s.l.)
covering c. 6 million km? and containing c. 12%
of mountain peoples,

— low and mid-elevation mountains (500-2,500 m
a.s.l.), covering c. 17 million km? and containing
c. 88% of mountain peoples.

The first category of mountains is widely distrib-
uted not only in the Andes and the Karakoram-Him-
alayan mountains but also includes the North Amer-
ican Cordillera, the European Alps, the Pamirs, the
Tien Shan and the Siberian ranges inter al. The high
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Fig. 7. Map showing distribution of low and intermediate and high and very high mountains (after Slaymaker, Embleton-Hamann
2009) with the extent of late Pleistocene glaciation overprinted; Antarctica is not represented (Church, Slaymaker 2016)

and very high mountain zones can be considered the
most prolific source of mountain sediments undis-
turbed by human settlement.

The second category of mountains occurs as foot-
hills around major mountain massifs such as the
Cordilleras and the Himalayas and as discrete moun-
tain chains in the interior and margins of the passive
tectonic plates. The low and mid-elevation mountain
zones can be considered both a natural and disturbed
source of mountain sediments and a transportation
zone for evacuating mountain sediments (Slaymaker,
Embleton-Hamann 2009).

Mountains may also be categorized according to
the dominant hydroclimate. Glacierized mountains
are subject to extreme rates of physical weathering
and erosion due to the direct scouring and sediment
transporting effects of glacier ice and to freeze and
thaw activity. Seasonal meltwater redistributes sedi-
ments beyond glacier margins. The glaciated moun-
tains surrounding the glacier-covered areas produce a
signal that is influenced by the presence or absence of
a sedimentologically active paraglacial environment
(Ballantyne 2002). Unglaciated mountains show the
first order effects of relief, hydroclimate, geology and
land use. The distinction between glacierized, glaci-
ated and unglaciated mountains is, then, of first or-
der importance.

Furthermore geology plays a fundamental role.
Recently deformed sedimentary rocks are notorious-
ly erodible, in contrast to, for example, intrusive ig-
neous rock. While the former constitute a significant
body in recently uplifted orogens (mostly high to
very high mountains) the latter are more frequently
exposed as the remaining core of older mountains
now having low to mid-elevation. The extrusive igne-
ous rocks of volcanic complexes are prone to weath-
ering, while metamorphic rocks exhibit a range of
weathering susceptibility. Few generalizations about
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erodibility are possible though there is some correla-
tion between highly weatherable types and the high-
est mountains.

Finally, the human factor cannot be ignored.
Settlements are almost entirely contained on lower
slopes with surficial cover, though in some regions
terracing has made steep slopes habitable despite
frequent local failures. Agricultural disturbance
increases sediment yields by orders of magnitude
(Montgomery 2007), particularly on the considerable
slopes found in mountains.

A general model of sediment yield for
Canadian regions: scale effects

All available specific sediment yield data for Canada
were examined in order to assess spatial scale ef-
fects (Church et al. 1999). All parts of Canada from
which monitored data were available were stratified
according to hydroclimate, relief and typical land
use disturbances. Seven distinct regions were iden-
tified: Atlantic coast, St. Lawrence Lowlands, south-
ern Ontario, eastern Prairies, south Saskatchewan,
Fraser-Columbia and the Peace-Mackenzie region
(Fig. 8).

Scaling relations can be expressed in the form of
a power law:

L/A=k Ab

where:

— Lis the suspended sediment yield,

— A is the contributing basin area,

— bis the scale exponent that expresses the scale-re-
lated distortion of unit area yield and

— ks the true regional unit area yield.
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Fig. 8. Canadian suspended sediment yield regions identified by station clusters (Church et al. 1999)
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Fig. 9. Regional scale relations for fluvial suspended sediment yield (Church et al. 1999)
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Fig. 10. Scaled unit area suspended fluvial sediment yield
from undisturbed drainage basins in Canada (Church et
al. 1999)

Despite significant scatter, the overall scale re-
lation for all available data was highly significant: b
was +0.262, which indicates a downstream increase
in unit yield and downstream increase in total yield
out of proportion to the contributing area increase.

Scale relations for each of the seven regions were
calculated (Fig. 9). For five of the regions, b was pos-
itive; for southern Ontario b was essentially zero and
for the eastern Prairies b was strongly negative. This
implied that the first five regions showed a typical
wildland signature with sediment yield declining
downstream; southern Ontario, the most densely
populated region in Canada, showed no trend and
the eastern Prairies showed a typical aggrading river
pattern, with sediment yield increasing downstream.
Regional fluvial sediment yield showed a variable pat-
tern indexed by the scale exponent b. Where b is <0,
there is systematic loss of sediment entrained from
the land surface and channel aggradation; where b is
>0 there is recruitment of sediment along the chan-
nel and channel degradation. The uniform yield situ-
ation in southern Ontario is interpreted to mean that
land use complexity masks the fluvial signal.
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Fig. 11. Scaled suspended fluvial sediment yield from un-

disturbed drainage basins of reference area 10,000 km?
in Canada (Church et al. 1999)
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The practical significance of these results is
demonstrated in Figures 10 and 11, showing that re-
gional patterns of specific sediment yield vary sub-
stantially depending on scale. The unit area fluvial
clastic sediment yield (Fig. 10) showed generally high
values in the Prairies and low values on east and west
coasts. When only data from basins of order 10,000
km? were used, the Western Cordillera became the
dominant sediment contributor (Fig. 11).

Specific sediment yield in the world’s
mountains

Glaciation

High rates of denudation associated with glacierized
basins, and the distinctive patterns of paraglacial
sedimentation and erosion associated with former-
ly glaciated basins (Ballantyne 2002) suggest that
denudation data from mountain regions should be
classified into glacierized, glaciated and unglaciat-
ed mountains. The signature of glacial disturbance
of a landscape is rather straightforward in terms of
the distinctive landforms produced, both erosional
and depositional. The assessment of the rate of that
transformation, both in absolute terms and in terms
relative to other agents of land transformation is
more vexed. Many of the highest rates of monitored
specific sediment yield in undisturbed mountains are
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Fig. 12. Measured rates of specific sediment yield in glacier-
ized mountains (Hallet et al. 1996)
Coloured symbols are measured rates of specific sediment
yield in glacierized mountains; open symbols are extreme high
mountain rates of sediment yield (Koppes, Montgomery 2009)
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found in glacierized southwest Alaska and Patago-
nia (Hallet et al. 1996, Koppes, Montgomery 2009).
These are outputs from high to very high mountains
and represent erosion rates of up to 100 mm a' (Fig.
12). In the partially glacierized and strongly erodible
Southern Alps of New Zealand 10-20 mm a™! denu-
dation have been reported (Hicks et al. 1996). Large
river basins achieve these higher rates as a conse-
quence of an intensely active tectonic regime. Zones
experiencing such high rates of erosion are relatively
undisturbed by human settlement and are subject to
the direct control of glaciers, geology and orogenic
activity (as reflected in elevation and relief).

A model of sediment yield for British Columbia

An inverse relation between specific sediment
yield and drainage basin area was almost universally
reported before the 1980s. Colleagues have worked
for thirty years to develop a summary of specific sed-
iment yield in this mountainous province (Slaymaker
1987, Church et al. 1989, Church, Slaymaker 1989).
Process domains are modified for glaciated moun-
tains after a concept of Montgomery and Foufou-
la-Georgiou (1993). Figure 9 illustrates the increasing
specific sediment yield with basin area in the fluvial
cascade of British Columbia’s mountains in the range
of 1 km? to 30,000 km?. But in basins <1 km? and
>30,000 km? specific sediment yield decreases with
basin size (Fig. 13). The alternating inverse and di-
rect relations between specific sediment yield and
basin size identified in the British Columbia model
were the first exceptions to the traditional model. The
relation was confirmed in a subsequent study (Ded-
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Fig. 13. Pattern of specific sediment yield in the glaciated

Western Cordillera of British Columbia (Church, Slay-
maker 2016)
Data up to 100 km? are from numerous graduate student theses
under the supervision of M.Church, O.Slaymaker and M. Hassan;
dark blue spots are order 2 channels, brown — order 3, orange —
order 4, green — orders 5 and 6; data from larger areas (black
spots and open circles) are from British Columbia gauging sta-
tions (Slaymaker 1987, Church, Slaymaker 1989); open symbols
are disturbed or glacierized basins (upper values) or lacustrine
sediment traps (lower values); process domains are modifications
of a concept of Montgomery and Foufoula-Georgiou (1993).
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Open circles are data derived from reservoirs; the shaded area in
(b) represents the domain of (a).

kov, Mozherin 1992) which proposed that all data for
Russia involved either direct scaling or inverse scal-
ing relations in response to the relative importance of
channel and slope erosion. Inverse relations could be
anticipated where slope erosion is dominant, primar-
ily in headwaters areas, and direct relations could be
anticipated where channel erosion is dominant.
According to our model for British Columbia,
there are at least three distinctive zones in every
mountain basin, corresponding to distinct process
zones. They can be characterized as:
— degrading hillslope zones,
- aggrading footslopes and valley sides, and
— channelized flows on valley floors demonstrating
either net aggradation or degradation. These are
identifiable repetitive elements in such landscapes
and at local scale they have direct implications for
human settlements, which are discussed below.
In the little disturbed landscape of British Colum-
bia the evacuation of valley fill sediments involves
largely glacial deposits. This pattern might be expect-
ed to be duplicated in the long term in all glaciated
mountains, including ones subject to contemporary
alpine glaciation. Indeed this is found to be the case
for sediment yield over the Holocene epoch in the
European Alps (Hinderer 2001) (Fig. 14a) but the re-
lation is by no means universal (Fig. 14b).

High and very high mountains (>2,500 m a.s.I.
and >60 m of relief km™)

The previous section has introduced a number of high
mountain glacierized areas that display high specific
sediment yields (Fig. 12). High and very high moun-
tains that are glaciated but not glacierized are influ-
enced by relief and lithology, as in volcanic moun-
tains in the Philippines (Gran, Montgomery 2005).
The high mountains of Taiwan exhibit a crudely
positive relation between specific sediment yield and
area in conformity with the pattern of regional, riv-
er-driven degradation (Fig. 15). Despite heavy settle-
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last glaciation :C{*

b)

ment of the island, the major mountains remain rel-
atively lightly settled because of the erosion hazards
that high precipitation and high seismic risk present.
Average rates of denudation around 5 mm a! were
early reported by Lin (1976). But geology is here an
important additional factor as highly fractured mud-
stones in Taiwan have recorded specific sediment
yields of close to 100 mm a™!, of the same order as the
most prolific glacierized basins (Dadson et al. 2003)
(Fig. 15).

Lithology and high relief are also responsible for
the disproportionate influence of the Carpathian
Mountains on sediment supply to the Baltic Sea (La-
jczak, Jansson 1993) (Fig. 16). The suspended sed-
iment load derived from the source areas decreases
during its transport to the Baltic but even so, the
Vistula River provides 20% of the total suspended
sediment supply to the Baltic Sea.

Decreasing specific sediment yield with increas-
ing area, denoting hillslope erosion and aggradation
along the trunk valleys, is evident in the one million
km? Madeira (Beni) basin of Bolivia-Brazil (Guyot et
al. 1996). This river basin exhibits declining specific
sediment yield with increasing area at scales beyond
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Fig. 16. The Baltic Sea drainage basin and major relief units (Lajczak, Jansson 1993)
a) I - Carpathian Mountains, II - Carpathian Foreland, III — Sudety Mountains, IV — Middle Polish Upland, V - Lowland area, VI - Scan-
dinavian Mountains, VII — Norrland Plateau, b) suspended sediment yield of Baltic Sea tributaries
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that show no trend; geology and relief explain 90% of the vari-
ation in specific sediment yield within the Bolivian steeplands

10,000 km? as the rivers flow into the Andean fore-
land basin of western Brazil (Fig. 17). By contrast, the
steeplands of the eastern Andes in Bolivia showed no
trend in specific sediment yield in drainage basins
varying in area from 17 km? to 81,000 km? (Aalto et
al. 2006) (Fig. 17). The region is entirely steepland
precluding significant sediment storage along river
channels. Ninety percent of the variation in sediment
yield is accounted for by lithology and topographic
gradient.

Mid-elevation and low mountains (500-2,500
m a.s.l. and >60m of relief km™)

Eighty eight percent of the world’s mountain pop-
ulation lives in this mid-elevation to low mountain
zone. When human activity is superimposed on these
mountain environments, specific sediment yields can
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Fig. 18. Relation between specific sediment yield and drain-
age area
a) black symbols are for Sri Lankan uplands using black sym-
bols; open symbols are for soil production rates are also shown
(after Hewawasam et al. 2003), b) black triangles are for spe-
cific sediment yield in the Anatolian plateau (after Vanmaercke
et al. 2011) with open symbols representing data derived from
reservoirs

increase by several orders of magnitude over natu-
ral rates of soil production and erosion (Montgomery
2007, Slaymaker 2010, 2013). An interesting example
is found in the monsoon tropical central uplands of
Sri Lanka (Hewawasam et al. 2003) where the moun-
tains reach 2,535 m a.s.l. Specific sediment yield var-
ies directly with drainage area at scales out to at least
1,000 km? while primary erosion measured by cos-
mogenic nuclides is one order of magnitude smaller
and shows no scale dependency (Fig. 18a). This in-
dicates increasing sediment removal down-gradient,
representing either increasingly severe land erosion
or significant river degradation. There is no sediment
storage in this intermediate mountain zone, up to a
scale of 10° km?. The Sri Lankan upland soil is being
lost 10-100 times faster from agriculture than it is
being produced.

The Anatolian Plateau is an arid region of mid-el-
evation mountains beyond glacial influence that
present a strong climatic contrast with tropical
mountains. Yet it similarly presents a raggedly posi-
tive relation between specific sediment yield and area
out to about 50,000 km? (Fig. 18b) (Vanmaercke et
al. 2011).

Norwegian data (Bogen 1996) display the tradi-
tional inverse relation between specific sediment yield
and drainage area (Fig. 19) implying loss to storage of
sediments mobilized in the uplands. That portion of
the Norwegian landscape that is represented by avail-
able measurements indicates glacially conditioned ag-
gradation in downstream valleys. However, the larg-
est drainage basin in Norway (43,000 km?) has large
accessible sources of glacimarine sediments in its low-
er reaches. Whereas specific sediment yield declines
with basin area in the upper basin, it increases in the
lower basin (Fig. 19). Similar specific sediment yield
signatures responding to the presence of glacimarine
sediments below the marine limit are also seen in the
Trondheim region of central Norway (Bogen, Bonsnes
2004). They provide guidance on the importance of
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Fig. 19. Specific sediment yield in Norway showing both

contemporary glacierized catchments (black symbols)

and formerly glaciated basins (open symbols); data from
Bogen (1996) (Church, Slaymaker 2016)
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separating out the disturbance regime landscape ele-
ments: whether the disturbance is on the valley bot-
tom or at mid-slope and what the specific land use
activities are that are most destructive.

Mountain sediment yields and human
settlement

General principles

Land use influences sediment yield and sediment
storage in the world’s mountain regions in two con-
trasting ways. In mature human landscapes deliberate
land use treatments have been applied with the pur-
pose of stabilizing the mountain landscape whereas
in less developed countries where mountain popula-
tions are growing most rapidly, it is almost impossi-
ble to control sediment yield. Process domains, iden-
tified in Fig. 13 for glaciated British Columbia, are
repeated here in order to demonstrate their potential
implications for mountain sediment yields and hu-
man settlements globally.

The hillslope zone

The hillslope zone is characterized by rapid, large and
frequent mass wasting events (e.g. Hewitt, 2006),
which pose a significant hazard to settlements, large-
ly occurring in narrow valleys below steep slopes.
This is the zone with the maximum, but also the
most variable sediment yield as a function of geology,
relief and elevation.

The footslope and valley zone

The footslope and valley zone coincides with the are-
as of the mountains that are most intensively cultivat-
ed. This zone is therefore vulnerable because there is

a ready supply of sediment from upslope and land use
activities produce accelerated sediment yield. This is
commonly a zone of sediment accumulation from
hillslopes above, but also the zone with maximum
sediment yield associated with land use change.

Channelized flows on valley floors

The outlets of headward mountain basins common-
ly coincide with a significant change of gradient. If
the mountain system is degrading, specific sediment
yield will achieve maximum values where sediment
begins to be deposited at the change of gradient. Ag-
gradation of colluvial or alluvial fans will occur in
the transition zone from mountain to lowland, and
sediment yield will decline downstream. The haz-
ard for settlement is obvious, but the sites are also
attractive as the only ground suitable for settlement
and cultivation. Aggrading braided channel systems
will pose a hazard arising from channel instability
and flood hazards in broader valley bottoms where
alluvial soils are intensively cultivated. But converse-
ly, actively degrading channels may pose significant
bank erosion problems as well.

Mid-elevation mountain regions in Austria and
Ethiopia compared

Contrasting examples of land management effects on
sedimentation and erosion in mid-elevation moun-
tain regions are available from both Austria and Ethi-
opia (Slaymaker, Embleton-Hamann 2009).

Austrian Alps
In the Austrian Alps, where population density is
around 50 km, the majority live in the valley bot-

Fig. 20. Narrow valley below steep slopes in temperate alpine zone utilized as transport corridor in the Eisack Valley, village
of Villanders in the foreground, southern Tyrol, Austria (photo by Herbert Baumhackl)
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toms below 1,000 m a.s.I. though the mountains
themselves are largely mid-elevation mountains
(Fig. 20). The human landscape is a mature prod-
uct of at least one thousand years of evolution. Re-
cent net afforestation, expansion of protected areas
and reduced intensity of forest harvesting are land
use treatments that reduce erosion in the moun-
tain landscape. Reduced risk of flooding, erosion
and snow avalanche incidence is provided for the
residential areas in the valleys by sophisticated tor-
rent control service (Slaymaker, Embleton-Hamann
2009). Specific sediment yield is further controlled
by hydroelectric power production dams and torrent
control channels which provide a modest absolute
specific sediment yield and a scale-free effect. Fig-
ure 14b, which compiles data from the larger alpine
region illustrates the lack of strongly defined scaling
in the region. Debris flow activity, by contrast with
fluvial suspended sediment transport, demonstrates
an inverse relation between specific sediment yield
and basin area. Brardinoni et al. (2012) have demon-
strated a similar inverse scaling that is strongly lith-
ologically conditioned between specific sediment
yield and area in hillslope debris flow-dominated
small drainage basins in the South Tyrol (Alto Adige
region) of the Italian Alps.

Ethiopian Highlands

In the Ethiopian Highlands, where current popula-
tion density is around 80 km= and is rapidly increas-
ing, the inhabitants are concentrated in mid-elevation
mountains (Fig. 21). Given that the intensive land

use, especially agricultural and road building, is con-
centrated in the upper parts of the river basins, one
would anticipate that specific sediment yield rates
would be high and that the signature would be one
of maximum rates in the upper parts of the basins,
rapidly declining down valley. A lively debate between
Nyssen et al. (2004) and Hurni et al. (2005) has em-
phasized two different aspects of the situation. The
former have shown that slope erosion at the upper
ends of the Ethiopian basins has declined over the
past thirty years as a result of careful slope erosion
control, whereas the latter, using stream sediment
data, have insisted that intensified land use and land
degradation induced by population increase have in-
creased surface runoff and specific sediment yield in
the headwaters of the Blue Nile and Tekle rivers. The
probable explanation for these apparently contradicto-
ry results lies partly in the different parts of the Ethi-
opian Highlands studied, but also more interestingly
in the present perspective, in the lagged effects of
changing land use practices. Slopes have been decou-
pled from the fluvial system in one area, as described
by Nyssen et al. (2004), whilst the signal of proximal
degradation continues to propagate through the more
extended landscape in the other (Hurni et al. 2005).
In the context of the Himalayas, Hewitt (2006) has
discussed and illustrated what he calls disturbance
regime landscapes resulting from the interruption of
mountain drainage systems by large rock slides. In
the present discussion, the accelerating population
density and associated intensified land use represents
an analogous disturbance regime landscape.

Fig. 21. Intertropical montane zone tending to exceed ecological carrying capacity, village of Arba Minch, Southern Nations,
Nationalities and People’s Region, Ethiopia. View toward the east across the East African Rift Valley to the Southern

Ethiopian Highlands (photo by Herbert Baumhackl)
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Conclusions

The pattern of denudation, to the extent that it is
measured by sediment flux versus river basin area re-
lationships, differs widely as a function of scale, relief,
lithology and disturbance types and location within
each basin. Disturbance types include the presence of
glaciers, land use activities of various types and po-
tentially hydroclimate change. In this study we have
confined ourselves to mountain regions, stratified by
spatial scale, glacier presence or absence, relief, and
degree and type of human disturbance.

A general model of scalar relations of specific
sediment yield for Canadian regions demonstrates
that specific sediment yield data should only be
compared if scaled to contributing area. A regional
summary of specific sediment yield in mountainous
British Columbia confirms that in mountain basins
<1 km? and >30,000 km? specific sediment yield
decreases with basin size whereas in basins of in-
termediate size specific sediment yield increases
with basin size. This effect is interpreted in terms
of three distinct process zones of sediment mobili-
zation or deposition in every mountain basin. These
are identifiable repeating elements in such land-
scapes. Suspended sediment yield data from moun-
tainous regions around the world are considered in
light of the British Columbia model. Some support
for the model is found where basins are stratified
according to scale, relief, lithology and disturbance
types and location within each basin are considered.
Disturbance types include the presence of glaciers,
land use activities of various kinds, such as increas-
ing population pressure in the intertropical montane
zone, changing population distribution and associ-
ated economic activities in the temperate montane
zone, and potentially hydroclimate change. Different
kinds of disturbance, both natural and societally in-
duced, and different disturbance locations within a
basin produce different patterns.
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