
 
 

5 

 

REVISTA DE GEOMORFOLOGIE (2017) 19: 5–15 

DOI 10.21094/rg.2017.008 

www.geomorfologie.ro, http://revistadegeomorfologie.ro 

 
 

The implications of disconnectivity for the study of 

contemporary geomorphic processes 
 
Olav SLAYMAKER1*  

 
1Department of Geography, University of British Columbia, Vancouver, British Columbia, Canada 

 

 Received 26 September 2017; Revised  5 October 2017; Accepted 6 October 2017 

*Correspondence to: Olav SLAYMAKER, e-mail: olav.slaymaker@ubc.ca 

 

                                                                     

ABSTRACT 

 

The emphasis on the understanding of contemporary geomorphic processes that has dominated Anglophone 

geomorphological literature over the past 50 years has seen huge progress but also some set-backs. We now have 

reliable measurements of mean rates of operation of all subaerial processes responsible for modification of 

landforms and landscapes and have made good progress in estimating the role of human activities as compared 

with “natural” processes. Some limited progress has been achieved in understanding the scale problem but 

problems remain. Perhaps the single most surprising development has been the recognition of the ubiquity of 

disconnectivity in geomorphic systems, the need to calculate virtual velocities of whole geomorphic systems and 

the relevance of this understanding to the general spatio-temporal scale problem. We have always known that 

most geomorphic processes operate intermittently but we have continued to depend on models that imply that 

mass and energy move freely through geomorphic systems and that conservation of mass and energy occurrs 

uninterruptedly at all temporal and spatial scales. 
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1. Introduction 

 

During the period 1960-1990 measurement and 

description of contemporary geomorphological 

processes on synoptic to seasonal scales and the 

construction of first-order theories to generalize the 

phenomena were the dominant geomorphological 

studies (Schumm and Lichty, 1965; Church, 2010). 

This history is to a significant degree summarized in 

the pages of “Progress in Physical Geography” on 

subjects such as weathering; slope processes; soil 

erosion; river hydraulics, river morphology; karst; 
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coastal and beach processes; wind effects and 

glaciation. Since 1990 dramatic changes have 

occurred. These changes were summarized by 

Church (2010) as (a) improved technologies for 

remote sensing and surveying of Earth’s surface; (b) 

recognition that geomorphology is a “system 

science”; (c) the reintegration of tectonics into 

geomorphology; (d) development of absolute 

dating techniques; and (e) increasing recognition of 

the dominance of contemporary human 

modification of Earth’s surface. Slaymaker (2009) 

focussed on the future needs of geomorphology: (a) 

the emergence of a broader philosophical basis; (b) 

clearer definition of the objects of 

geomorphological study; and (c) an integration of 

geomorphological geohistory and process 

geomorphology. Slaymaker’s discussion looks 

forward to a future geomorphology whereas 

Church’s presentation is a real world perspective on 

the present trajectory of the field. But both 

approaches converge in predicting the necessity for 

geomorphologists to recognize that the 

Anthropocene epoch requires new skills and 

intellectual perspectives.  

Relief, climate, sea level and human activities 

have been identified as primary drivers of global 

terrestrial processes over longer time scales 

(Slaymaker et al., 2009); but over centennial time 

scales relief and sea level can for most purposes be 

regarded as constant, and climate and human 

activities become the global drivers of change. 

Hence the contemporary emphasis on global 

hydroclimate change which should be tempered 

with an equal emphasis on the growing societal 

impact on land. 

When attention turns to regional and local scale 

changes over contemporary time scales the 

assignment of drivers is more complex and is 

sometimes impossible. The spatiotemporal scale 

problem and associated problems of coupling, 

connectivity, disconnectivity and complexity have 

become prominent. This recent discussion in so far 

as it affects mountain environments has been 

summarized (Slaymaker and Embleton-Hamann, 

2009). 

 

 
 

Figure 1 Map showing the global distribution of mountains (after Church and Slaymaker, 2016), with the extent of Late 

Pleistocene glaciation overprinted 
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2. Mountains and the high energy 

condition 

 

High mountains, in view of their steepness and 

severe weather, are commonly reckoned to 

experience the highest rates of sediment 

mobilization on Earth. Glacier and or ice sheet cover 

in the past or at present complicates the 

relationship (Fig. 1). 

It is an interesting question however to ask what 

becomes of sediment mobilized on steep mountain 

slopes. Much of it goes back into storage in slope 

base colluvium and alluvial fans, notable features of 

all the world’s mountain ranges. The reasoning 

underlying this belief is that these regions are 

subject to the largest potential energy gradients on 

Earth’s terrestrial surface. In fact, the sediment yield 

of mountainous areas is remarkably variable, 

stemming from the variation of geology, history, 

physiography and climate. Today, an increasingly 

important element of mountain history is the 

growing dominance of human settlement in 

mountain landscapes, especially in Asia, Africa, 

South America and Europe. These populations are 

not only exposed to the hazards presented by 

sediment fluxes in the mountains, but their 

manipulations of the land surface affect the 

condition and tempo of the fluxes down valley. 

The high energy condition has long been 

associated with the highest rates of energy 

expenditure and continuity of mass and energy 

flows has been assumed (Caine, 1974). It was 

unquestioned that the highest mountains were the 

sites of the greatest geomorphic work as illustrated, 

for example, in Fig. 2. That figure relies on a 

simplistic model from Summerfield and Hulton 

(1994) in which 

 

𝐷𝑒𝑛𝑢𝑑𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 = 7.21 × 𝑒0.0015× 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 

 

where Denudation rate is expressed in m x Ma-1 and 

elevation is in meters. 

 

 
 

Figure 2 Estimates of average natural erosion rates inferred from GTOPO30 area-elevation data and global fluvial 

erosion-elevation relations from Summerfield and Hulton (1994) (from Wilkinson and McElroy, 2007). Units are in metres 

of denudation per million years 
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The implication of this model is that net annual 

erosion for large drainage basins (>500,000 km²) 

increases by 0.15% for every meter increase in 

maximum elevation. In other words, Fig. 2 is 

basically a hypsometric map.  

Recent empirical data suggest that decoupling 

is more common than coupling even in the highest 

mountains. There are self-evident discontinuities in 

sediment production, transport and deposition (Fort 

et al., 2009; Hewitt, 2009; Hewitt et al., 2011). 

Geochemical surface lowering processes are 

distributed throughout the mountains but extreme 

landslides, for example, are highly localized (Korup 

et al., 2007; Waller et al., 2012; Slaymaker et al., 

2017). We now commonly ask the question “Where 

in the mountain landscape does the greatest 

amount of denudation occur?” rather than assuming 

that the highest and steepest slopes provide the 

answer. 

The special emphasis on high mountain 

geomorphology (Holtmeier, 2015) was that the high 

mountain zone was unique, in part because of its 

high energy environment. Increasingly, evidence 

shows that work in the landscape is maximized in 

moderate relief mountains (Slaymaker, 2013), in 

some cases even in low relief regions (Kirchner and 

Ferrier, 2013; Willenbring et al., 2013). 

 

 
 

Figure 3 Specific sediment yield versus drainage area by 

tectonic setting (from Hovius, 1998) 

 

Of great interest is the relation between 

tectonics and sediment yield as calculated by Hovius 

(1998; Fig. 3). He insisted that sediment yield 

equations should always factor in the role of 

tectonic activity. Scaled for drainage basin area, 

sediment yields increase through almost five orders 

of magnitude from tectonic cratons to contractional 

mountains. He noted that tectonically active 

mountain belts not only provide relief to drive 

erosion processes but also combine high regolith 

loss with rapid uplift of new bedrock into the 

weathering zone to continually refresh the erosion 

processes and maintain high sediment yield (Korup 

et al., 2014). 

 

3. Sediment cascades  

 

The study of sediment cascades from source to sink 

has become a central theme in mountain process 

geomorphology over the past three decades 

(Dietrich et al., 1982). A major statement on the 

importance of sediment routing systems from 

source to sink is found in Allen (2008). When 

thinking about coupling and decoupling of slopes 

and channels the identification of preferred 

pathways for sediment fluxes is essential (Embleton-

Hamann and Slaymaker, 2006) and the use of 

sediment budgets is recommended. But the 

comparative advantage of using such a model is 

frequently ignored by the exclusion of one or more 

components of the sediment-solutes-nutrients 

continuum. Sediment budgets incorporating 

sediment, dissolved solids and nutrient fluxes are 

scarce, but Filippelli et al. (2010) is an instructive 

example. Magnitude-frequency considerations in 

sediment budgets for arctic and sub-arctic 

catchments are also incorporated in Beylich and 

Kneisel (2009). 

Chemical components of sediment budgets 

operate on different time scales from the clastics. 

One way of avoiding the problem of partial 

sediment budgets is to choose geomorphic 

locations in which clastic sediments dominate over 

all other mass fluxes. Examples such as sediment 

flux on a reach by reach assessment used to 

establish big picture sediment flux (Hassan et al., 

2011); and studies of rivers in which sediment flux is 

dominantly clastic (Yellow River, Miao, 2010) and 

upland gravel bed rivers (Raven et al., 2010). 
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Schiefer et al. (2010) provided a rare example of 

total sediment flux accounting. Holocene and 

contemporary sediment budgets for a 324 km² 

cordilleran catchment have been estimated with the 

aid of seismic records, dated cores and sections in 

lake and alluvial fill sediments at Chilliwack Lake in 

the North Cascade Mountains, British Columbia 

(Tunnicliffe et al., 2012a; 2012b). 

Use of the concept of process domains is 

popular in North America to demonstrate the 

connection between morphology and process. 

Examples of process domain influence on river long 

profiles and channel reach morphology (Brardinoni 

and Hassan, 2007) and the organization of process 

domains as part of the legacy of glaciation in Puget 

Sound (Collins and Montgomery, 2011) 

demonstrate the flexibility of this approach. 

 

4. Coupling  

 

Coupling in general is the extent to which surface 

and subsurface channels and slopes are physically 

connected (Harvey, 2002). More specifically, 

coupling considers the variety of ways in which 

water, sediment and dissolved solids move through 

a system or are obstructed from moving between 

source areas and the river system. Where hillslopes 

and river channels are tightly coupled there is a 

continuous or semi-continuous flow of water, 

sediment and dissolved solids from slopes to 

channels. Water and dissolved solids commonly 

follow preferred pathways from headwaters to the 

outlet of a river basin whereas clastic sediments 

accumulate at preferred locations in the basin, such 

as breaks of slope or lake basins. The rate at which 

morphological changes propagate through the 

system (or virtual velocity) depends directly on the 

degree of coupling. Tight coupling implies relatively 

rapid change; decoupling implies slow change. This 

coupling model is consistent with the sediment 

cascade model by which the rate and nature of 

movement of sediments from source to sink and the 

associated rates of denudation of the mountain 

landscape can be estimated by determining all 

components of a sediment budget. 

 

Degrees of coupling are recognized in the 

literature as, for example, discontinuities in 

mountain streams (Lu and Richards, 2008). 

Geomorphic coupling between hillslopes and 

channels has been documented in the Swiss Alps 

(Savi et al., 2013) and coupling of landslides and 

rivers has been identified in the Carpathian and 

Sudete Mountains (Malgorzata et al., 2015) 

The various morphological elements in the 

glacierized Lillooet-Harrison River basin (7,870 km²) 

in the Pacific Ranges of the Coast Mountains of 

British Columbia, have been mapped according to 

the extent of their coupling to the mainstream river 

(Slaymaker et al., 2017). Three examples focus on 

ridge tops, hillslopes subject to infrequent large 

mass movements and debris avalanches: 

(a) Ridge tops and accordant summits with low 

local relief are coupled to the valley primarily 

through water and dissolved solids moving along 

sub-surface pathways. Clastic sediments are 

commonly decoupled on ridge tops. 

(b) Hillslopes subject to infrequent large mass 

movements are episodically coupled 

(c) Debris avalanches and debris flow channels 

directly couple hillslopes with valley bottom (Fig. 4). 

The temporal episodic coupling and the spatial 

decoupling of individual processes guarantees an 

overall complex response to disturbance. Jefferson 

et al. (2010), working on the western slopes of the 

Cascade Range in Oregon, USA, have partitioned 

hydrologic flowpaths between surface and sub-

surface flow. They have proposed that landscape 

evolution in basalt terrains is entirely constrained by 

the coupling and decoupling of surface and sub-

surface flow (Jefferson et al., 2010) 

Young basalt terrains are highly permeable, 

allowing one to examine timescales and processes 

of geomorphic evolution via surface and sub-

surface flow. On Holocene and late Pleistocene lava 

landscapes, groundwater systems transmit most of 

the recharge to large springs with very steady 

hydrographs. In watersheds >1 million years old, 

springs are absent, and well-developed drainage 

networks fed by shallow subsurface stormflow 

produce flashy hydrographs. 
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Figure 4 The 2010 Capricorn debris avalanche in the 

Mount Meager Volcanic Complex, Pacific Ranges, Coast 

Mountains, British Columbia (oblique photograph taken 

on August 29, 2010 by John Clague) 

 

5. Connectivity and disconnectivity 

 

One important recent development in 

understanding of mountain geomorphology is the 

idea of connectivity, a concept that has been 

explored by Fryirs and Brierley (2009; 2013). 

Connectivity formed the central focus of the 2016 

Binghamton Symposium (Wohl and Beckman, 2014). 

This idea clearly grows out of the idea of coupling, 

but it gives greater emphasis to the fact that most 

geomorphic systems, even mountain systems, are 

characterized more by decoupling than by coupling. 

The reason, self-evidently, is the lack of connectivity 

between the various components of the sediment 

cascade (Tunnicliffe and Church, 2011). Sediment 

yield in fluvially dominated mountains is 

systematically scaled in the landscape; that is to say 

there is a well defined relationship between 

drainage basin area and specific sediment yield.  

By contrast, in glaciated mountains, tectonically 

active mountains and mountains heavily perturbed 

by human activity the well-defined relationship 

between basin area and specific sediment yield 

ceases to hold because of different perturbations of 

sediment storage areas that produces multiple 

scaling (Church and Slaymaker, 2016). Not only is 

there a spatial discontinuity problem, but temporal 

discontinuity is equally important. 

 

 
Figure 5 Connectivity from Mt. Alexandra, through 

Alexandra Glacier to the braided channel of the Alexandra 

River, Banff National Park, Alberta 

(Photo by Robert Sandford) 

 
6. Disconnectivity in independent process 

systems 

 

Each process system whether glacial, fluvial, glacial 

lake outburst flood or mass movement has its own 

internal disconnectivity issues as follows: 

 

6.1 Glaciers and Glacial lake outburst floods 

(GLOFS) 

 

The Mt. Alexandra-Alexandra Glacier-Alexandra 

River connectivity is exceptionally unbroken (Fig. 5).  
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More commonly, the connectivity between 

glacial sediment production and downstream 

sediment fluxes is significantly reduced by the 

development of proglacial lakes and intermittent 

tributary debris flows. 

Suspended and solute sediment fluxes from the 

proglacial zone of the retreating Obersulzbachkees 

glacier, Hohe Tauern, Austria are strongly controlled 

by the presence of proglacial lakes (Geilhausen et 

al., 2013). Three glacier basins in Norway have been 

shown to have totally different sediment budgets 

because overdeepened bedrock basins define the 

locations of proglacial lakes. Despite an expected 

increase in sediment yield from the glacier, little 

sediment will pass these lakes and downstream 

sediment delivery will be reduced markedly (Bogen 

et al., 2015).  

Sandurs provide disconnectivity in space; the 

periodic nature of jokulhlaups produces 

disconnectivity over time. Jokulhlaups figure 

prominently in proglacial landscape change at 

Sólheimajökull in southern Iceland from 1960 to 

2010. Changes in glacial meltwater runoff regimes, 

glacier terminus position, sediment supply and 

episodic events such as jökulhlaups are implicated. 

Heckmann et al. (2016) have provided a valuable 

overview of the state of understanding of GLOFS. 

   

 6.2 Mountain rivers 

 

Kasprzak and Migon (2015) commented on the 

importance of fluvial erosion by comparison with 

mass movement in the Sudetes Mountains in 

Poland. In providing an overview of 

morphodynamics of steep-mountain channels 

(Brardinoni et al., 2015), the complexity of the 

behaviours of coarse and fine sediment plus large 

organic debris in steep mountain channels is 

illustrated from research in Canada, Austria and 

Italy. In the tectonically active Chugach Mountains 

in Alaska the rates of hillslope erosion are an order 

of magnitude below the rate of glacial sediment 

export because the very high landslide rates are 

periodic and localized and the very high glacifluvial 

sediment flux is continuous over time (Uhlmann et 

al., 2013). There is surprisingly little progress in 

incorporating the role of weathering in regional 

calculations of denudation in steep watersheds in 

spite of the recommendations by Church et al. 

(2006) for increased attention to this topic. 

 

 
Figure 6 Disconnectivity created by the large, prehistoric Dhumpu-Kalopani rock avalanche in the Nepal Himalayas 

(photo by Monique Fort) (after Fort et al., 2010) 

 

6.3 Mass movement 

 

The intermittency of mass movement processes has 

generated the need to improvise specific new 

techniques of field analysis. For example, a multi-

temporal record of erosion (1963–2005) of a rock 

slope in the Swiss Alps identified slope failures that 

affect 70% of the study slope and produced an 
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inventory of ~2500 failures ranging over 6 orders of 

magnitude in volume. Rockslides and rockfalls of 

high magnitude and relatively low frequency make 

up 99% of the total failure volume from highly 

fractured and weathered quartzites and are thus 

responsible for the high erosion rate (Scapozza et 

al., 2014).  

Mass movement processes are all intermittent 

with the possible exception of soil and rock creep. 

Therefore it is not surprising that disconnectivity 

within mountain regions is the norm.  Work in the 

Karakoram Himalayan region of Pakistan has 

produced some of the finest examples of 

disturbance regimes in which massive mass 

movements have generated disconnectivity over 

periods from centuries to millennia (Hewitt, 2009; 

Fort et al., 2010; Hewitt et al., 2011; Hewitt, 2014) 

(Fig. 6). 

6.4 Drainage systems 

 

Catastrophic rock failures are also discussed by 

Hewitt et al. (2008). Their distinctive morphology is 

commonly a legacy of past catastrophic events, 

consisting of partial obstructions by landslide 

barriers that “create a chronically fragmented 

drainage system” (Hewitt, 2006). 

Mountain geomorphic processes can be 

envisaged as a cascade of disturbance processes 

that alter stream and riparian geosystems (Fig. 7). 

The affected stream and riparian landscape can be 

viewed through time as a network containing a 

shifting mosaic of disturbed patches. Linear zones of 

disturbance are created by the cascading 

geomorphic processes. 

 

 

 
Figure 7 Disconnectivity within disturbance cascades: interaction among processes drainage system-wide (after 

Nakamura et al., 2000). Log and debris dams at sites A, B, C and D promote system resilience 

 



 

 

 
 

Ecological disturbances range in severity from 

effects of debris flows, which completely remove 

colluvium along steep, narrow low order channels to 

localized patches of trees toppled by floating logs 

along the margins of larger channels. Because 

disturbances by human activities have become so 

much more common land use changes can affect 

the frequency and spatial pattern of events and the 

quantity and size distribution of material removed 

(Slaymaker and Kovanen, 2017).However a well-

developed network of stream and riparian systems 

may lend resilience in the face of major disturbances 

by providing widely distributed storage areas (Fig. 7). 

The above two examples of watershed 

disturbance are end points of a spectrum that 

ranges from small, low order streams, typical of 

North America’s forested mountains, to the huge 

rock avalanches of central Asia. Each is characterized 

by major disconnectivities that lend resilience to the 

landscape. 

 

7. Conclusion 
 

Recent research on mountain geomorphic systems 

has emphasized the importance of disturbances and 

disconnectivities by contrast with earlier work that 

identified coupling as a distinctive feature of 

mountain systems. Because disturbances caused by 

both mountain geomorphological processes and 

human activities produce disconnectivities in the 

landscape the recognition and analysis of these 

features has become of increasingly applied 

significance in watershed management. 
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