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A B S T R A C T

Geomorphology’s development as a scienti�c subject has produced increasingly

sophisticated insight into the physical processes shaping the earth’s surface. It is

increasingly apparent, however, that understanding contemporary environments

requires equal attention to the processes through which people’s aspirations for

landscape are constructed and enacted. Building on and extending traditions of

geographical geomorphology as the study of relations between people and land-

scape, this thesis draws attention to the politics of knowledge production in �uvial

geomorphology and river management. Drawing on case studies from western

China and Aotearoa New Zealand, the thesis demonstrates how the contemporary

practice of geomorphology and river management are entangled with normative

understandings of an ideal river. It advances this argument through three inter-

ventions focusing on geomorphic diversity, measurement, and the concept of river

health.

Beginning on the Qinghai-Tibetan Plateau, the �rst intervention proposes a

broad understanding of geodiversity as a fundamental basis for understanding re-

lationships between �uvial geomorphology and ecology. It highlights the role of

historically-determined valley setting in the headwaters of the Yellow River as a

key cross-scalar control on the contemporary river, sketching the outlines of a

place-based approach to understanding relationships between form and process

in the region.

Inspired by conversations with colleagues during �eldwork on the Qinghai-

Tibetan Plateau, the second intervention takes a step back to investigate the as-

sumptions and ethical implications of geomorphology’s practice as an objective sci-

ence. Drawing on contemporary developments in critical environmental geograph-

ies, and building on geomorphology’s rich but often-maligned history of method-

ological debate, it explores possibilities for more re�exive river science and man-

agement. Recognising the mutually constitutive relationship between geomorphic

enquiry and landscape, this intervention presents an open-minded, constructive

engagement towards a socially situated, re�exive physical geography.
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Returning speci�cally to freshwater, the third intervention investigates mean-

ings of ‘good condition’ as a basis for river research and intervention. It follows the

transition of river health from a holistic but hazy ethic of environmental care to spe-

ci�c sets of diagnostic indicators for guiding intervention. Tracing this transition

from metaphor to metric, this third intervention examines how common-sense

understandings of river condition were �rst challenged by, and then incorporated

within, the scholarly and political project of river health. Arguing that a search

for objectivity entrenched assumptions that naturalness was both desirable and

attainable, it proposes a revitalised approach to river health as a platform for con-

structively renegotiating ‘what matters’ for freshwater.

Finally, I consider the contemporary meaning of place as a basis for understand-

ing and intervening in the landscape. Looking beyond binary notions of ‘place-

based’ versus ‘placeless’ approaches to knowledge, I critically examine the implic-

ations and limitations of essentialist assertions of uncertainty. I conclude by out-

lining potential new directions for a progressive geographical geomorphology that

is grounded in scienti�c approaches to understanding landscapes, but which takes

seriously the social and political contexts in which geomorphic knowledge is pro-

duced and used.
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FA N C Y A N A D V E N T U R E ?

Some years ago now, I received an email simply titled “Fancy an adventure?”. Pro-

fessor Gary Brierley had received funding for a substantial research programme

on the Qinghai-Tibetan Plateau in western China, bringing with it a number of po-

tential �uvial and grasslands research projects, and he wondered whether I might

be interested in being involved. I was very interested indeed.

I had for some time been considering embarking on a PhD in geography, and

it was fairly clear that I would pursue physical geography of one kind or another.

I found myself, however, torn between coastal geomorphology, which had previ-

ously been my focus, and �uvial geomorphology, which I had come to appreciate

through Gary’s postgraduate course. Taking the coastal pathway promised tropi-

cal reef islands and relatively straightforward, ‘properly’ scienti�c projects. I also

already had much of the foundational knowledge and understanding of research

techniques, which would enable me to get my project o� the ground relatively

quickly. It seemed like the sensible option.

Nonetheless, I was attracted to the prospect of visiting a new part of the world,

with landscapes and people very di�erent from those I knew. Granted, my rela-

tively limited background in �uvial geomorphology would require more early ef-

fort to come up to speed with research techniques. But, with my sunburn-prone

skin, did I even really like the beach that much? I met with Gary, applied for a

scholarship, and before I knew it was arriving at Xining airport to conduct a pre-

liminary exploration of the region. I did not realise quite what I was getting myself

into.

That �rst trip is now something of a haze of baijou, fantastic food, terrible food,

long days in tiny vans,
1

the challenges of high altitude, fear of dying in a road

accident, and a bit of shouting. The latter would have a profound impact on the

trajectory of my thesis. While in the �eld, a series of disagreements emerged be-

tween two professors over what constituted an anabranching river. Indeed, they

1 On a later trip I would �nd myself in the rain, at 1A.M., pushing one such van up a hill too steep

for its engine after we had taken a wrong turn that added four hours to an 18-hour drive.
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could not even agree whether ‘anabranching’ was a useful descriptor at all. If no

particular discriminating measure could be applied in the �eld to support the as-

sertion that the river before us presented an anabranching morphology, did that

morphology exist at all? A quote from this argument – “But what do you mea-

sure?!” – forms part of the title of Chapter 5.

This early skirmish was a sign of things to come. Back in Beijing, a colleague

presented some early insights from her work on sediment �ux in the region. One

of the earlier antagonists interrupted to the e�ect that a river presenting lower

sediment �ux was superior, and contention erupted again. This time, attempting to

argue that a river’s historical state presented a better indicator of condition than a

generalised, placeless metric, one frustrated interlocutor cried out “but what about

the blind dolphins?!”.

Back home, these episodes stayed with me. In particular I continued thinking

about the statement which, in the moment, had seemed most ridiculous: that one

river might be superior to another because it happened to have a lower volume of

suspended sediment. On one hand many of the values and attributes commonly as-

sociated with rivers emphasise the absence of sediment: swimmability, drinkability,

aesthetics and so on. Perhaps it was not wrong, in an abstract sense, to suggest that

a ‘cleaner’, clearer river was a superior one. On the other hand, I was studying the

Yellow River: wasn’t it supposed to be that colour? These questions would drive

my participation in a project formalising the development of a ‘morphological eye’

(Sauer, 1956), aiming to articulate a systematic basis for developing historically-

grounded, cross-scalar understandings of riverscapes (published as Brierley et al.,

2013).

Meanwhile, I joined a small group of other postgraduate students organising

and running a set of three workshops on the theme of freshwater geographies. We

sought to call attention to, and challenge, the ways in which freshwater was under-

stood and managed. Initially, we hoped to build a collective vision for Aotearoa’s

waterways. This proved more di�cult than we had anticipated, however, as nei-

ther the participants nor the organisers found consensus on what form that vision

should take. The process of negotiating these workshops provided an important

lesson in itself, illustrating the challenges and opportunities of collaborating across

disciplinary and political divides (we described these processes in Blue et al., 2012).
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The course charted by this thesis has been greatly shaped by these encounters

and disagreements, both on the Qinghai-Tibetan Plateau and back in Aotearoa,

working on sticky issues of freshwater management. Experiences on the Plateau

highlighted the importance of questioning the basis on which we make decisions

regarding the physical environment; convening and writing about the workshops

challenged me to examine my own assumptions about the meaning of ‘good’ river

condition. By investigating attempts to capture something which does not exist

– the ideal river – I hope that this thesis draws attention to, and constructively

challenges, some of the assumptions which are embedded within contemporary

river science and management.
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Part I

I N T R O D U C T I O N





1

G E O M O R P H O L O G Y A S G E O G R A P H I C A L E N Q U I R Y

During a televised national election debate in September 2017 Bill English, then

Prime Minister of New Zealand, was asked to name his favourite river and to state

whether he would still swim in it. Citing childhood connections to the Oreti River

in Southland, he claimed that he would “swim in it now except they have taken all

the swimming holes away, and pushed gravel into them” (Parsons-King and Telfer,

2017, 0:15). In an alternate world, this startling revelation of government inaction

in the face of active environmental vandalism would present a major bombshell,

embarrassing the government as a resurgent opposition promised a raft of geomor-

phological protection measures. In this world, of course, it did not.

The moment did, however, produce substantial discussion and debate, as report-

ers descended on English’s home town of Dipton. Locals stated that they did, in

fact, regularly swim in the river: “nothing wrong with it, still pretty clean and clear

so I dunno what everyone’s complaining about” (Newman, 2017, 0:45). While the

region’s Fish and Game Council pointed to a substantial downstream decline in

water quality, Federated Farmers Southland president Allan Baird obtained a com-

ically large glass of river water to emphasise its clarity, although his choice of ves-

sel did not seem to re�ect a willingness to drink from it. The state of Aotearoa’s

rivers had become a major issue in an election that was suddenly much tighter than

expected. Yet despite this enthusiastic journalism, some important questions went

unasked and unanswered. In particular, no-one appeared to wonder who had taken

those swimming holes away. This tendency to overlook geomorphic condition in

favour of water quality and clarity continues today: at the time of writing, the new

government’s rhetoric of ‘cleaning up’ waterways remains primarily focussed on

bacterial contamination.

Relationships between people and the physical environment are a – perhaps the

– fundamental geographical theme: from (rather regrettable) theories of environ-

mental determinism (discussed by Peet, 1985), to early e�orts at providing a sense

3



4 geomorphology as geographical enqiry

of humankind’s Role in Changing the Face of the Earth (Thomas, 1956; see also

Williams, 1987). As the role of people in shaping the earth’s surface has become

increasingly di�cult to ignore, attention has turned to the ‘human component’

of environmental alterations. Most obviously, and most recently, this has culmin-

ated in e�orts to understand and mark the Anthropocene as a geological epoch

in which humans have become the primary drivers of global change (see Castree,

2014; Lewis and Maslin, 2015).

These endeavours are generally framed in terms of the biophysical impacts of

human activity: the negative consequences, whether intentional or not, of people’s

actions (see Cook and Balayannis, 2015). Increasingly, however, e�orts to mitigate

and mend environmental damage attract regulation and investment (e.g. Bernhardt

et al., 2005; Womble and Doyle, 2012). As individuals, organisations and govern-

ments aim to e�ect positive change, rather than simply mitigate the impacts of

human activity, they embed into the landscape sets of claims, assumptions and

aspirations regarding how the world should be (see Castree et al., 2014). The form-

ation of these visions (see Ryder et al., 2008) is closely tied to the concepts and

constructs we have available to make sense of the world, and the knowledge we

produce about it (see Demeritt, 1994).

The Oreti River’s brief moment on the national stage highlights the interactions

between possibility and desire at this intersection of science and politics: what do

we manage the earth’s surface for? It can be tempting to set apparently simple

objectives emphasising popular priorities: swimmability in rivers, for example, or

the repair of certain human-induced impacts. But while setting easily measurable

goals is undoubtedly appealing, doing so risks precluding other causes which are

potentially deserving, but less charismatic or less easily articulated. Exploring and

intervening in the politics of knowledge production in physical geography and

geomorphology, this thesis explores the relationship between our accounts of what

landscape is and our sense of what it should be.

1.1 the rise of modern geomorphology

The story generally goes that geomorphology took shape as a somewhat cohesive,

discrete object of study in the English-speaking world some time late in the nine-
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teenth century (see Chorley et al., 1964). The role played by Earth surface processes

in shaping the landscape had begun to attract interest through the early 1800s, but

the notion of ‘�uvialism’ – that rain and rivers might be broadly responsible for to-

pography – did not become �rmly established until the second half of the century

(Chorley et al., 1964). Interest in the role of marine and subaerial erosion contin-

ued to grow within geology, until by 1888 the “genetic study of topographic forms”

was being referred to as the geographic subject of geomorphology (McGee, 1888,

p. 547).

This melding of the spatial distribution and historical development of landforms

initiated persistent debates over the role of place in geomorphology. For those fo-

cussed on relationships between people and the environment, geomorphology was

primarily a spatial subject concerned with the physical characteristics of places (e.g.

Barrows, 1923). To others, however, geomorphology’s proper position was within

geology, explaining the historical development of the earth’s surface (Bryan, 1950).

Davis integrated these interests, tying together the “assemblage of peripheral prin-

ciples developed as the by-products of geology, geography, engineering and other

sciences” (Chorley et al., 1973, p. 6) into the cohesive model of landscape develop-

ment which dominated geomorphic thinking from the 1880s to the 1950s (Beckin-

sale and Chorley, 1991).

Davis’ insistence that his work was geographical seems to have re�ected an

often latent, but apparently enduring, interest in relationships between the phys-

ical environment and organic life (see Chorley et al., 1973). It certainly re�ected

a primary concern with describing and understanding the contemporary distribu-

tion of landforms on the earth’s surface: the “last part of the last chapter of Earth

history” (Chorley et al., 1973, p. 839). Yet while contemporary form captured Davis’

interest, his work emphasised the historical path that landscapes had taken to ar-

rive at their present state. This ‘historical-geographical’ or ‘evolutionary’ approach

to geomorphology posited that the key to understanding contemporary landscapes

lay in understanding the context within which they had developed. While the most

recent pages of the earth’s history might be of primary concern, the rest of the book

mattered too.

By the middle of the twentieth century, however, Davis’ evolutionary approach

to geomorphology was fraying at the edges. Davis had taken the important ini-
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tial steps of assembling assorted ideas about landscape development into a co-

herent theory which could, in principle, produce testable predictions. Rather than

theoretical postulates to be adjusted in the face of evidence, however, Davis’ de-

velopmental theories became increasingly treated as rigid scripture (Baulig, 1950;

Bishop, 1980). Empirical inconsistencies were explained away as localised aberra-

tions or artefacts of overly literal readings, as an emphasis on grand meta-narratives

of landscape development seemed to paper over speci�cities of place (see Beckin-

sale and Chorley, 1991; Russell, 1949).

This lack of empirical commitment is satirised by Russell (1949, p. 3): “In some

ways Nature seems to have been kind to pure morphologists. English units of spa-

cing stop at the Channel. Pure morphologists on the Continent �nd levels arranged

according to the metric system, at 100, 200, and 300 meters.” To ameliorate this Rus-

sell proposed a geographical geomorphology which attended more closely to the

speci�cities of place. His vision of how this might look in practice, however, was

limited to mapping the earth’s surface more closely and limiting attempts at ex-

planation. Such descriptions certainly had utility, but this less aspirational view of

what geomorphology might o�er presented something of a disciplinary dead end.

Meanwhile, technological advances and widespread investment in surveying,

partly driven by the two world wars, were making the earth’s surface and sub-

surface measurable in ways they had never been before (Bernhardsen, 2002) and

advances in engineering and hydrology were promising a new understanding of

the processes involved in shaping the earth. Perhaps most importantly for a new

generation of physical geographers wanting to make their mark on the discipline

(see Taylor, 1976), these new methods promised an opportunity to turn geomor-

phology from a “simple, pleasant nature-lover’s hobby” to a “geophysical science

of almost terrifying complexity” (Strahler, 1950, p. 210).

The ‘quantitative revolution’ which these technologies enabled was heralded

as the arrival of scienti�c method to physical geography (Burton, 1963). Isolating

the principle components of systems around a central concept of dynamic equilib-

rium (Strahler, 1952) could provide insight into cause and e�ect which, until now,

had largely been the subject of speculation or, worse, left implicit. A new model

of robust empiricism would shake geomorphology from its Davisian dreams of
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landscape development, awakening it to the realities of a new scienti�c and tech-

nological dawn (Strahler, 1950).

Strahler (1950) contended that many of the developments in understanding the

earth’s surface had been taking place in other �elds such as engineering and hydro-

logy, while geomorphologists had been comfortably resting within their historical-

geographical paradigm. Implicit to this argument was a sense that if physical geo-

graphy failed to embrace these inevitable methodological developments, and the

ontological presuppositions which came with them, it would be left behind. In

retrospect, perhaps nothing made this point better than Woolridge’s (1958, p. 34)

attempted rebu�: “I am not willing to limit my attention and interest to the ‘func-

tional signi�cance’ of landforms. To such a replacement of full binocular vision

by an ugly monocular squint, I can only say, as Lord Attlee recently said of tele-

vision: ‘I don’t want it. I don’t like it and won’t have it.”’ By 1963 the quantitative

revolution in physical geography was apparently complete (Burton, 1963), just as

William Hartnell graced Britain’s televisions as the �rst Dr Who. These di�erent

understandings of place and time were here to stay.

1.2 qantification and the changing meaning of context

Implicit to mid-century quantitative-dynamic geomorphology was the proposition

that landscape change could be understood as the product of interactions between

process and form at a given moment in time (see e.g. Summer�eld, 2005a). This

‘timeless’ approach (Bucher, 1941; Strahler, 1952) essentially contends that a land-

scape’s potential future states are a product of its present con�guration and the

processes operating on it: that knowledge of past conditions is not necessary to

predict and understand future change. This statement of uniformitarian, loosely

Markovian principles is logically sound: past events can only a�ect future change

through the imprint they have left on a system, so knowledge of a system’s state at

a given point in time is, in principle, su�cient to predict future potential responses

to changing inputs.

By rendering histories of landscape development as a set of pre-existing con-

ditions, these approaches encouraged a geomorphology which minimised its geo-

graphy. An emphasis on untangling the history of particular landscapes was super-
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seded by equilibrium models which conceptualised landscapes as abstract systems

responding to variable inputs (Chorley, 1962; Chorley and Kennedy, 1971; Hug-

gett, 2007; Strahler, 1992). Rather than understanding landscape evolution through

Davis’ sequence of historical transitions, geomorphologists increasingly sought to

reveal generally applicable mechanisms of landform change.

While this search for universal laws is appealing in principle, in practice these

approaches are constrained by problems of scale. It is generally not feasible to cap-

ture or control all potentially relevant variables in a geomorphic system, except

in certain experimental settings (see e.g. Schumm and Khan, 1972; Wohl, 2013a).

Landscapes are, therefore, generally conceptualised as a nested spatial and tem-

poral hierarchy, providing a somewhat discrete basis for examining the relation-

ships between form and process (see Boer, 1992; Schumm and Lichty, 1965). These

hierarchies are pragmatic constructs which do not lay claim to foundation in ‘real-

ity’; rather, they delineate the forms and processes of interest at the scales to

which research tends to ‘clump’ (see Inkpen, 2011; Phillips, 2016). By paramet-

erising broader contextual considerations as well as the mechanisms of change,

however, they provide a valuable conceptual basis for isolating and understanding

relationships between form and process at a range of scales of interest (see Church,

1996).

Rhetorical shortcuts were taken in articulating and advocating for this new

paradigm, often manifesting as a tendency to position it in opposition to a dicho-

tomous ‘other’. While Strahler (1952, p. 925) acknowledged that neither process

nor historical geomorphology could “successfully be pursued independently of the

other”, revolutionary eagerness tended to produce language emphasising distance

and di�erence between the paradigms (see e.g. Burton, 1963; Kennedy, 1992). His-

torical revisionism was even employed to conscript turn-of-the-century �gures

such as Gilbert into imagined battles against historical-evolutionary geomorpho-

logy (Sack, 1992).
1

This emphasis on a dichotomy, between a modern, quantitative,

process-based scienti�c geomorphology and antiquated, qualitative, form-based

“cultural pursuits” (Strahler, 1950, p. 209), left limited space for constructive en-

gagement between these approaches.

1 Obliging readings of previous authors were, of course, a feature of both ‘sides’ in this debate (e.g.

Kennedy, 1992).
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This divide had signi�cant implications for geomorphology as a geographical

subject as, for some, the study of the earth’s surface lost its sense of place. The

shift in scale which came with emphasising process, and the focus on simpli�ed,

isolated systems which this entailed, led to a sense among some (e.g. Baker and

Twidale, 1991) that geomorphology had become overly theoretical: detached from

the ‘real world’ connections which had led many to the �eld.

1.3 bringing place back in

The quantitative revolution in geography was enabled by an increasing ability to

measure the earth’s surface in ways which had never previously been possible. It

is, therefore, somewhat ironic that the geomorphology it facilitated has been criti-

cised for a perceived failure to produce satisfying accounts of particular landscapes

(e.g. Baker and Twidale, 1991). Geomorphologists had a greater ability to measure

the world than ever before, but, for some, these approaches had failed to truly

capture it: reliance on quantitative empirical techniques narrowed the scope of

geomorphic research to what was directly measurable, rather than what mattered.

Early scepticism towards quantitative-dynamic methodology in geomorphology

might easily be dismissed as conservative reactions to a changing discipline. Hind-

sight is not particularly kind, for example, to Wooldridge’s (1958, p. 32) prediction

that dabbling in “elementary mathematics” would o�er “very limited chances of

success”. Underlying these mid-twentieth century critiques, however, was a con-

cern for the role of place and history in geomorphology. This was at �rst expressed

by those advocating qualitative ‘explanatory-descriptive’ understandings of land-

scape change in the style of Davis (e.g. Bryan, 1950; Wooldridge, 1958), although

others envisioned a purely descriptive geomorphology concerned primarily with

providing ‘useful’ information through detailed maps of landform distribution (e.g.

Kesseli, 1950; Russell, 1949). Common to both threads was a fundamental geo-

graphical interest in what Hartshorne (1939, p. 440) describes as the “individual-

ity”, “unique character” and even “personality” of particular places. This interest

lay somewhat dormant as the quantitative revolution drove the search for general

laws.
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By the 1980s, a ‘reconstructed regional geography’ began to draw geographers

back towards particular places (Pudup, 1988), encouraged partly by postmodernist

sensibilities emphasising “heterogeneity, particularity and uniqueness” (Gregory,

1989, p. 90). Many branches of human geography increasingly abandoned quantit-

ative empirical commitments in favour of a series of radical and critical movements

(Blomley, 2006; Demeritt, 1996; Johnston, 2016). Similar reorientations away from

positivism and structuralism had occurred across the social sciences: in anthropo-

logy (Ortner, 1984), for example, and in parts of psychology (see e.g. Gavey, 1989;

Henriques et al., 1998). Motivated by the inability of quantitative methods to fully

describe human experience, and guided by critiques of the power relations em-

bedded in positivist frameworks of enquiry, scholars in these �elds began to look

towards social and cultural theory to provide the lenses for seeing, interpreting

and understanding the world.

Geomorphology did not undergo such a drastic change, as the remarkably tan-

gible nature of the earth’s surface lent itself more easily to a somewhat naturalistic

pragmatic empirical realism (see Bassett, 1994; Rhoads, 1994; Richards, 1990, 1994).

Instead an emphasis on form gradually returned through detailed case studies (see

Lane, 2001), underpinned by evidence of the important role played by landscape

con�guration in mediating process (Lane and Richards, 1997). Enthusiasm for this

was partly driven by increasing awareness of the often non-linear relationships

between form and process, such as the various thresholds, lags, and feedbacks

which in�uence the response of rivers to changing inputs (see Bracken and Wain-

wright, 2006; Phillips, 1992, 2003). Systems approaches began to encompass these

more complicated relationships, while retaining the conceptual convenience of de-

�ning the imprint of history as a set of parameters (see Huggett, 2007).

As attention turned towards the detrimental impacts of humans on the earth’s

surface, environmental management increasingly strove towards ecological goals

(Downs and Gregory, 2004). Geomorphological knowledge was employed to guide

these e�orts, providing tools for assessing habitat quality and ‘naturalness’ as a

basis for ‘ecological management’ (Newson and Large, 2006). This required a new

set of knowledge claims: not only could geomorphology tell us how the world’s

surface developed and changed over time, it could also tell us how it should be.

It also raised the stakes for geomorphic theory, blurring the boundaries between
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heuristic models and canonical principles for action. Earlier criticism of an appar-

ent tendency to idealise theoretical understandings, using deterministic models to

discipline a ‘naughty’ world (Kennedy, 1979), began to resonate as people inter-

vened to drag messy landscapes into line with expectations of how they ‘should’

look and operate (e.g. Kondolf, 2006).

Through the 1990s and early 2000s, increasing awareness of the potential to con-

�ate models describing how the world is with ideals describing how it should be

brought fresh energy to arguments for a more holistic geomorphology as the basis

for more cautious interventions in the world. The source of Kennedy’s concern

gained a name – complexity – and a strategy for dealing with it: ‘post-normal’

science (see Funtowicz and Ravetz, 1991, 1993). The precise meaning of complex-

ity is not easily pinned down (see Harrison et al., 2006), but it can be generally

understood as the claim that ‘bottom-up’, �rst-principles understandings of the

world can never practically be complete. This argument, contradicting reductionist

claims to knowledge (e.g. Harrison, 2001), provided a rallying cry for some of those

concerned that geomorphology had lost its sense of place. For these geomorpholo-

gists and physical geographers, place was essentially synonymous with physical

history. It emphasised contingency, suggesting that understanding the earth’s sur-

face required not just knowledge of contemporary processes, but a detailed sense of

the landscapes in which they operate (e.g. Phillips, 2007). By emphasising the need

to understand physical context, ‘place-based’ approaches to geomorphology pro-

moted interventions tied more closely to speci�c catchment histories, rather than

re�ecting more generalised visions of what landscapes should look like (Phillips,

2010, 2011). Yet these discussions of place were generally framed as scienti�c ques-

tions: debating the best way to understand the earth’s surface, rather than as an

alternative – and potentially more diverse – set of environmental norms. Attempts

to advocate for interventions more sensitive to local context continue in the river

management literature (e.g. Brierley et al., 2013; Fryirs and Brierley, 2009) and in

geomorphology and geography more generally (e.g. Phillips, 2001; Preston et al.,

2011), but rarely do they openly acknowledge that these are primarily questions

of what we choose to value.
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1.4 changing the status qo?

Talk of a ‘turn’ in academia often underplays the diversity of research occurring

in a �eld at any point in time. Recently, however, ‘integrated’ attempts at better

understanding the role of people in environmental change have gained substan-

tial traction, partly through the attention researchers have given to conceptual-

ising and debating the Anthropocene (Castree, 2014). Many of these e�orts take

a broadly positivist approach to ‘convergence research’, producing factual, appar-

ently objective knowledge about the world in the hope of better engineering solu-

tions to environmental problems (see Castree, 2015a; Castree et al., 2014). They

encourage a more nuanced understanding of the role of place and people in en-

vironmental change, recognising the importance of local context even in address-

ing global challenges (e.g. DeFries et al., 2012). They might note the complexity

of human-environmental systems (e.g. Liu et al., 2007), emphasising the need for

resilience (e.g. Folke, 2006), or call for adaptive management in the face of uncer-

tainty (Clark, 2002). Promoting opportunities for “truly transdisciplinary research

that transcends sociology, politics, economics and environmental science” (Gillings

and Hagan-Lawson, 2014, p. 8), they may also attempt to �nd ideologically-neutral

ways of assessing which biophysical attributes people value (see Tadaki and Sinner,

2014).

Yet ‘critical’ research argues that these values are not, and can not, be ideolo-

gically neutral: that politics cannot simply be wished away, that attempts at pro-

ducing objective knowledge only serve to embed certain values while obscuring

others, and that this precludes possibilities for change (see Castree et al., 2014).

Work in political ecology has described how economic and political structures in-

�uence the ways environmental problems are understood and solved (see Bryant,

1998). Along with these developments, attention has begun to turn towards the

performative in�uence of how the world is studied on what is seen, what is val-

ued, and therefore what is possible (Ashmore, 2015; Lave, 2014a; Robertson, 2006;

Tadaki et al., 2015; Wainwright, 2012).

These positivist and critical approaches to research are built on rather di�erent

epistemological and methodological foundations, which can hinder constructive

discussions between them. Scientists studying the changing world might accuse
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critical scholars of politicising and therefore undermining environmental know-

ledge; critical scholars might respond that it is, in fact, already politicised. This

thesis explores possibilities for crossing this divide by exploring the intersections

between geomorphic research traditions which emphasise physical context, and

critical research traditions which draw attention to the importance of politics and

power. It does this by examining and expanding the meaning of place-based ap-

proaches to river management.

1.4.1 Thesis structure and contributions

This thesis presents a vision for a progressive geographical geomorphology which

is grounded in scienti�c approaches to understanding landscapes, but which also

takes into account the social and political contexts in which such knowledge is cre-

ated and used. It does this by exploring the connections between river science and

management practice, drawing attention to the politics of knowledge production

in physical geography. Building on a history of geographical critique within geo-

morphology, it engages with recent and contemporary debates over the meaning

of ‘good’ condition for waterways. Through three articles revealing and interven-

ing in the quiet politics of river science and management, it draws attention to

the constitutive power of the tools and frameworks which are used to describe,

understand and intervene in the earth’s surface.

Following the present introduction (Part I), the main body of this thesis (Parts

II-V) comprises seven further chapters. Chapters 3, 5 and 7 have been published

elsewhere. These articles were written as stand-alone pieces, speaking to distinct

audiences and conforming to the requirements of particular journals. Four years

separates the publication of the �rst from the submission of the last. As a result,

these articles do not speak in an entirely uni�ed voice. Instead, they are best un-

derstood as representing di�erent points along the trajectory of this project. To

this end, I have only minimally edited the published papers to leave them stand-

ing as records of my thinking at the time of publication. To guide the reader along

this path the published chapters are arranged chronologically into three parts, each

containing a prefacing chapter. These chapters situate the articles within the thesis,

narrating their key thematic in�uences and describing how they re�ect changes in
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my approach through the duration of this work. While these sections are intended

to be readable independently, themes from each are woven across the thesis and

drawn together in a �nal discussion.

Part II of this thesis, The Qinghai-Tibetan Plateau, advances an argument for

sensitivity to place and history in understandings of landscape. It begins to explore

the way models of how the world works can come to be adopted as representations

of how it should be, contrasting this with a geographical concern for place and

appropriateness in geomorphology. In doing so, it turns to a broadened concept of

geodiversity (c.f. Gray, 2004) as a way of articulating the value of contextualised

understandings of contemporary landforms (c.f. Brierley et al., 2013). Chapter 3

o�ers an example of such an approach, applied to the Yellow River’s headwaters

on the Qinghai-Tibetan Plateau. It highlights the role of valley setting as a key

cross-scalar control on the contemporary river, pointing to the legacy of tectonic

uplift and resulting headward retreat, and argues that this provides an essential

foundation for any account of ecological or morphological wellbeing in the region.

Part III of this thesis, Critical physical geography?, takes a step back to invest-

igate the assumptions and ethical implications of geomorphology’s practice as an

objective science. Building on the theme of river diversity, it engages with a re-

cent surge in interest in the practices and priorities of physical geography and the

earth sciences (Ashmore, 2015; Lave et al., 2014) as well as with existing method-

ological literature within geomorphology. It articulates the need to more actively

consider the role of people in understanding the earth’s surface, both as agents of

landscape change and as practitioners of landscape science. Emphasising the con-

stitutive role of geomorphic enquiry, this intervention presents an open-minded,

constructive engagement towards socially situated, place-based, re�exive under-

standings of landscapes.

Part IV of this thesis, Searching for the ideal river, returns speci�cally to fresh-

water to investigate assumptions of ‘good condition’ as a basis for research, and

as an outcome for intervention. It recounts the rise of river health as a manage-

ment ideal, following its transformation from a holistic but hazy ethic of envir-

onmental care to speci�c sets of diagnostic indicators for intervention. Tracing

this transition from metaphor to metric, this work examines how common-sense

understandings of river condition were �rst challenged by, and then incorporated
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within, the scholarly and political project of river health. It argues that a search for

objectivity entrenched assumptions that naturalness was knowable, attainable and

inherently desirable, neglecting an opportunity to articulate broader possibilities

for freshwater. In presenting this argument, Part IV directs constructive attention

towards the ways people, and scientists in particular, intervene in the politics of

the physical environment.

Part V of this thesis, Where to?, considers the implications of the three inter-

ventions, and further examines the meaning of place in geomorphology. Taking

seriously the claim that how we know the world shapes what is possible, it exam-

ines both the ontological status, and the politics, of claims to place. Identifying a

tendency towards falsely binary notions of ‘placed’ and ‘placeless’ knowledge, it

scrutinises narratives of intractable epistemic uncertainty which re-frame place as

an unlikely, and therefore unknowable, constellation of particular circumstances at

a point in space and time. This discussion concludes by pointing towards potential

new directions for a progressive geographical geomorphology that is grounded

in scienti�c approaches to understanding landscapes, but which takes seriously

the social and political contexts in which geomorphic knowledge is produced and

used.
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F O R M , P R O C E S S A N D P L A C E

While the precise implications of geomorphology’s quantitative revolution di�ered

across research communities (e.g. Keylock, 2003), the techniques which accom-

panied it brought with them a general narrowing in the scales of enquiry. Rather

than the grand evolutionary meta-narratives which had dominated understand-

ings of landscape until the 1950s, the quantitative revolution ushered in an em-

phasis on processes and relationships observable at smaller temporal and spatial

scales. These approaches were built on the premise that, by �rst understanding

the mechanisms governing river behaviour, we could eventually gain insight into

changes occurring over longer time frames and larger spatial scales (see Mont-

gomery, 1991). From this point of view, at the risk of upsetting Hynes (1975), un-

derstanding the river was the key to understanding the valley.

Systems approaches presented a key innovation associated with quantitative-

dynamic geomorphology, enabling a catchment’s history to be de�ned in terms

of the physical imprint it had left on the river (see Chorley and Kennedy, 1971).

Rather than relying on a narrative of valley development, this allowed rivers to be

understood in terms of the contemporary properties of the channel. Rendering a

river’s catchment context as a set of parameters existing at a point in time provides

a number of bene�ts, not least allowing the application of experimental principles

at various scales: in both laboratory �umes and the real world (see Wohl, 2013a), as

well as modelling applications (e.g. Eaton and Millar, 2017). The functional relation-

ships elucidated are, in principle, generalisable to other systems where parameters

could be adjusted appropriately.

The concept of equilibrium in rivers, for example, can be applied at the reach

scale by understanding stream pro�le as a product of the relationship between sed-

iment supply (quantity and grain size), slope and discharge (Lane, 1955; Mackin,

1948). This essentially rede�nes the contextual in�uences of a river’s catchment,

with its potentially complicated historical legacies, in terms of their e�ects on sed-

19
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iment supply, slope and discharge. The resulting relatively simple models enable

analysis of the controls on river change at a particular moment in time, under-

standing it in terms of disturbances to a river’s equilibrium, without the need to

comprehend the underlying mechanics of adjustment.

This approach, however, is based on the premise that a river’s behaviour can be

understood in terms of contemporary process alone. Increased attention to cross-

scalar interactions between form and process has challenged this assumption, high-

lighting the often non-linear behaviour of �uvial systems (Lane and Richards, 1997;

Phillips, 1992, 2003). Rather than understanding channel adjustments as the rever-

sion towards a stable ‘attractor’ state determined by the prevailing process regime,

these approaches emphasise the potential for positive feedbacks and thresholds

which, given the right conditions, can produce landscape change (c.f. Kennedy,

1992).

Recognition that the relationship between form and process is bidirectional –

that landscape con�guration mediates the occurrence and in�uence of processes

– highlights the importance of historical context on river character and behaviour

(Lane and Richards, 1997; Phillips, 2017; Taylor Perron and Fagherazzi, 2012). In

principle these in�uences, which can include both ‘natural’ and human-induced

legacy e�ects (see James, 2015; Wohl, 2015), can be conceptualised simply as ini-

tial conditions at a point in time (e.g. Taylor Perron and Fagherazzi, 2012). The

practical challenges of capturing full quantitative accounts of landscape con�gura-

tion, however, have led to a resurgence of more qualitative concepts such as ‘land-

scape memory’ (see Brierley, 2010) and ‘antecedent conditions’ (Fryirs and Brier-

ley, 2010; Newson, 1980) emphasising broad-scale narratives of landscape change.

These historical understandings essentially act as proxies for initial conditions at

the reach scale, enabling evaluation of potential trajectories of change (e.g. Ziliani

and Surian, 2012).

2.1 privileging stability

It is one thing to understand rivers as elementary systems, using simple models

as heuristic devices which provide as much information when they fail as when

they succeed. It is quite another thing to manage rivers on such a basis, discip-
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lining them if they do not conform to expectations (see Kennedy, 1979). Theor-

etical models, such as those based around equilibrium, provide useful conceptual

analogies for understanding system responses to disturbance, and Lane’s balance

remains an important pedagogical tool (see Bracken and Wainwright, 2006). They

are, however, also prone to being misunderstood as normative ideals depicting nat-

ural, optimum states.

The rise of environmentalism late in the twentieth century brought growing

concern for the condition of river channels worldwide (see Downs and Gregory,

2004), manifesting as interest and investment in a growing stream restoration in-

dustry. Fluvial geomorphology was no longer simply concerned with understand-

ing rivers, but was increasingly called on to determine how they should be. Until

the 1970s, the primary concerns of river management had been hazard mitigation

and water supply. These were treated as engineering problems, the subject of sub-

stantial public investment such as the US Army Corps of Engineers’ extensive pro-

gramme of dam, canal and stop-bank construction across the USA (see Shallat,

1994). Aldo Leopold had advocated for a ‘land ethic’ as early as 1949, to bring

“a gentler basis for perceiving the e�ects of our engineering capabilities” (Leo-

pold, 1977, p. 430). Such aspirations did not gain traction until the 1980s, however,

when the focus of management interventions began to shift towards environment-

ally sensitive design and environmentally focussed river ‘restoration’ (Downs and

Gregory, 2004).

What ‘working with the river’ meant, however, was largely left to those who had

already been engaged with river management. A relative vacuum of knowledge re-

garding how to do ecological restoration was therefore largely �lled by engineers

and hydrologists interested in developing ‘soft engineering’ techniques (see Lave,

Doyle et al., 2010). In accordance with the traditional focus of such �elds, these ten-

ded towards smaller-scale, localised interventions emphasising channel stability

(Lave, 2009, 2014b). These ‘softer’ approaches used di�erent materials but brought

little change in the fundamental scales and aims of intervention, even as geomor-

phologists were increasingly emphasising the broader connections between rivers

and their catchments.

This decoupling of theory and practice was perhaps most striking in the USA,

where Rosgen’s (1994; 1996) classi�cation scheme became the dominant approach
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to river restoration in the face of direct opposition from academic geomorpholo-

gists (see Lave, 2009, 2014b; Miller and Ritter, 1996; Roper et al., 2008; Simon et

al., 2007). Rosgen’s highly interventionist approach claimed to “help the river be

what it wants to be” (Malako�, 2004, p. 937), re-engineering the channel using

wooden and rock structures to harden the channel into a stable, ‘correct’ form.

Various criticisms were levelled at this approach (see Lave, 2009), including con-

cerns for unclear de�nitions producing ambiguity (Miller and Ritter, 1996; Roper

et al., 2008) and challenges regarding its emphasis on form over process (Juracek

and Fitzpatrick, 2003; Kondolf, 1998; Kondolf et al., 2001; Simon et al., 2005; Simon

et al., 2007).

Fundamentally, Rosgen’s standardised approach made claims as to how rivers

should be (Tadaki et al., 2014). In particular it asserted that each river had a “natural,

stable form” which could be elucidated from the contemporary channel (Rosgen,

1994, p. 196). In practice, this often comprised stable, sinuous streams with regular

pool-ri�e sequences held in place by hard structures: a re�ection of cultural and

aesthetic preferences rather than process regime (Kondolf, 2006). The success of

these e�orts was judged largely in terms of whether these rivers remained in place,

despite the relative rarity of natural lateral stability in meandering channels. Some

companies even o�ered warranties that installed structures would not move (Lave,

2009).

Rosgen justi�ed this emphasis on preventing channel adjustment by asserting

that equilibrium is an inherent, desirable property of natural channels (see Lave,

2009): that, in the absence of human impacts, rivers would tend towards a stable,

‘preferred’ form with minimal change over time. It is somewhat ironic that Rosgen

used this language of equilibrium, with its overtones of process-determinism, to

justify an approach which would be criticised for neglecting process (see Simon

et al., 2005; Simon et al., 2007). Nonetheless ‘timeless,’ ‘placeless’ geomorphology

(see Section 1.2) was no longer just a useful tool for isolating and understanding

causal relationships between aspects of the landscape, but a natural ideal to which

all rivers should aspire.
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2.2 the qinghai-tibetan plateau

During my time working on the Qinghai-Tibetan Plateau I became increasingly

aware of two key observations. The �rst was that the upper reaches of the Yellow

River can only be comprehensively understood in terms of the history of the entire

river. A history of tectonic uplift and subsequent headward incision (Craddock et

al., 2010) has left a substantial imprint on the contemporary river, delimiting both

where the channel has space to adjust and the conditions under which it can do so.

The Yellow River of course remains subject to the relationship between sediment

supply, discharge and slope. The river’s capacity to self-adjust, however, is highly

constrained by the antecedent conditions (Fryirs and Brierley, 2010) produced by

the operation of those laws over an extended period of time in a landscape subject

to uplift.

The second observation was that, despite the importance of historical context

to rivers on the Plateau, there existed a substantial risk that they might be judged,

and managed, according to generalised assumptions of what a ‘good’ river should

be. The most direct example of this was the statement, by a senior research col-

laborator in Beijing, that a river with lower sediment �ux was inherently superior.

For the Yellow River, named for the colour it exhibits after �owing through the

highly friable Loess Plateau, and for the Yangtze, formerly home to the turbidity-

adapted baiji or Yangtze River dolphin (Turvey et al., 2007), such a narrow and

one-dimensional approach to river condition seems remarkably inadequate. Anec-

dotal accounts of interventionist management practices, emphasising stability at

all costs, highlighted the potential for these assumptions to become embedded into

the landscape through management practice.

2.2.1 Valuing diversity

Designing a channel that will move water and sediment towards the ocean e�-

ciently, and in a stable fashion, is relatively straightforward. Determining appro-

priate interventions to enhance river condition presents a much more delicate

challenge (see Fryirs, 2015). The temptation to focus on generalised, apparently

desirable attributes at small scales can overshadow the broader context in which
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those attributes exist. In other words, “The notion that streams can be ‘restored’

by imposing new channel forms without addressing the processes that determine

alluvial channel form, and without appreciating system evolution and watershed

context, is inconsistent with basic geomorphic principles” (Kondolf et al., 2001,

p. 774).

These concerns for appropriateness also extend to management goals, such as

enhancing ecological condition. Many interventions in river form emphasise hab-

itat heterogeneity, seeking ecological bene�ts from the presence of a wider variety

of stable in-stream structures (Bernhardt et al., 2005, 2007). Evidence increasingly

suggests, however, that this focus on diversity of form at smaller scales does not

necessarily bring signi�cant ecological improvements (Hilderbrand et al., 2005;

Palmer et al., 2010). This is likely to be in part a result of other stressors acting

as limiting factors, such as pollution, connectivity or hydrology (Amoros, 2001;

Palmer et al., 2010). It also re�ects a problem of place: ‘improving’ within-channel

heterogeneity by adding historically absent structures does not necessarily im-

prove ecological outcomes (see Po� and Ward, 1990).

Understanding the broad set of controls operating at a site can help to predict

which geomorphic features are likely to be present (e.g. Montgomery, 1999). These

relatively generalised approaches cannot, however, anticipate the ecologically im-

portant discontinuities in particular streams produced by particular histories of

change (see Poole, 2002). The questions of appropriateness which this raises are

partly a technical challenge (e.g. Fryirs, 2015; Rinaldi et al., 2013), but also depend

on understandings of what matters. A focus on apparently objective measures of

river condition can easily overlook the more subjective and di�cult-to-articulate

forms of value associated with a sense of history and place, as well as potentially

neglecting important ecological relations (Hiers et al., 2016). Re-orienting towards

spatial and historical context, acknowledging the imprint left by past events (see

Brierley et al., 2013), potentially provides a basis for geomorphic interventions

which acknowledge that what makes landforms di�erent can be as important as

what makes them similar.

With this in mind, the next chapter presents an early step towards a geograph-

ical approach to understanding the riverscapes of the Qinghai-Tibetan Plateau. It

introduces the concept of geodiversity to the Plateau, following Gray’s (2004; 2008)
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reminder that there is more to rivers than the organisms living within them. Not

only do physical processes shape the conditions developing and maintaining di-

verse freshwater ecosystems (Po� and Ward, 1990), but long histories of change

have produced abiotic features valuable in their own right (Gray, 2011). Geodi-

versity in the Yellow River source zone explores the potential of geodiversity to fa-

cilitate conceptualisations of habitat heterogeneity which appreciate not only geo-

morphic diversity within channels and catchments, but also between them (see

Amoros, 2001; Po� and Ward, 1990). Emphasising the role of valley con�nement

in constraining channel and �oodplain morphology, it exempli�es a context-�rst,

place-based approach to understanding the headwaters of the Yellow River.

In doing so it makes the case for a broader appreciation of physical context

in geomorphological explanation, emphasising what Hartshorne (1939) called the

‘individuality’ of place. Arguing that the naturally occurring array of broad-scale

landscape controls represent important values in their own right (c.f. Gray, 2004),

it makes explicit the politics of a recent resurgence in geomorphic literature em-

phasising the role of historical contingency in understandings of landscape.
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I N T E R V E N T I O N 1

G E O D I V E R S I T Y I N T H E Y E L L O W R I V E R S O U R C E Z O N E

3.1 introduction

The Qinghai-Tibetan Plateau is a unique environment. The source of many of

the world’s largest rivers including the Yellow, Yangtze, Mekong and Tsangpo-

Brahmaputra, it has a mean elevation of 4500-5000 metres above sea level and

contains over 80% of the world’s land over 4000 m (Fielding et al., 1994). The im-

portance of the area was recognised in the year 2000 with the establishment of

the Sanjiangyuan National Nature Reserve covering 152,300 km
2

(see Dong et al.,

2002; Li et al., 2012): a land area similar to that of England and Wales combined. Es-

tablished in response to a variety of interlinked threats including climate change,

environmental degradation, and direct human pressures resulting from population

growth, the stated primary aims of the reserve’s formation are to conserve biod-

iversity and to enhance and sustain the livelihoods of local people (Foggin, 2005).

As the second longest river in China, and the sixth longest in the world, the Yel-

low River is an extremely important constituent of geodiversity on the plateau.

Providing freshwater to approximately 107 million people, 8.7% of China’s popula-

tion (Wang et al., 2006), it is integral to China’s future: the management decisions

made on the plateau will have far-reaching consequences. Grounded, systematic

understandings of the landscapes, riverscapes and ecologies in the Yellow River

source zone are fundamental to further research and e�ective management of the

region.

This paper provides a broad-scale analysis of geodiversity in the trunk stream of

the Yellow River source zone. It discusses the importance of geodiversity as an in-

tegral, emergent aspect of natural diversity, before moving on to an examination of

geodiversity in riverine landscapes as part of a sustainable management paradigm.

It discusses problems of scale in geomorphology, before proposing hierarchical

27
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classi�cation as a useful tool with which to deal with the complexity of �uvial

morphological diversity on the Plateau. It then introduces the Yellow River source

zone, presenting �ve broad trunk stream morphologies. Results are discussed in

the context of the landscape settings within which the river is adjusting. Finally,

the paper calls for further research into morphological controls and ecological link-

ages in the broader Yellow River source zone.

3.2 the role of geodiversity

The wide variety of landscape settings on the earth’s surface is fundamental to

life on the planet. In recent years the vast array of natural variation in geological,

geomorphological and lithological settings that makes up our world has become re-

cognised as geodiversity: an abiotic (and co-dependent) counterpart to biodiversity

(Gray, 2004, 2008). Coined in the 1990s to refer to geological diversity in need of

protection (see Du�, 1994), the concept of geodiversity has since broadened to

incorporate the natural range of not only geological features such as rocks, min-

erals and fossils but also soils and, notably, geomorphological landforms and the

processes that shape them (Gray, 2004). An appreciation of geodiversity therefore

entails developing an understanding of the diversity of landscape settings: not only

the features themselves, but the processes (re)shaping these features, the interac-

tions and connectivities between them and the ways in which they change over

time.

Knowledge of geodiversity inherently underpins assessment of ‘geosystem ser-

vices’ (Gordon et al., 2012; Gray, 2004, 2008, 2011; Serrano et al., 2009), incorpor-

ating appraisal of the economic and social bene�ts of geotourism (see Reynard,

2008; Xun and Ting, 2003) alongside the intrinsic, aesthetic and cultural values

of natural landscapes. Perhaps most notable is the importance of geodiversity to

habitat diversity: natural variation in geological and geomorphological features

and processes forms the range of habitats that are a major control on the distribu-

tion of life on the planet. Understanding the geomorphic feedbacks, linkages and

processes operating at various scales is therefore a vital �rst step towards under-

standing controls upon biodiversity: its distribution, its resilience and its responses

to disturbance.
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Geodiversity is both an inherently spatial phenomenon, and a temporal one. It

not only creates place, physically distinguishing one site from another, but is cre-

ated by place: the landforms in any particular location are an expression of their

contemporary and historical environmental context, and the interactions within it

(Brierley, 2010; Brierley et al., 2013; Phillips, 2007). These relationships are highly

scale-dependent: the dominant factors at a particular location will vary not only

with place and time, but at di�erent scales of enquiry (Church, 1996). Geodiversity

comprises emergent phenomena produced by complex, non-linear interactions

between a variety of factors operating and interacting at a range of scales (Har-

rison, 2001; Phillips, 2003, 2007). Responses to forcing have multiple degrees of

freedom, exhibit thresholds of response and are fashioned by variable magnitude-

frequency relationships that themselves are contingent upon pre-existing states

(Lane and Richards, 1997; Miller et al., 2003; Phillips, 2007). As a result, inheritance

from past conditions is both a characteristic of, and a control on, the landscape (Bri-

erley, 2010; Fryirs and Brierley, 2010). Understanding geodiversity is more than a

matter of simply measuring the conditions in a particular place at a particular point

in time: it requires a broader understanding of the spatial and historical contingen-

cies that produce these morphologies (Phillips, 2007).

3.3 geodiversity on the valley floor

As societies increasingly recognise the importance of the natural environment,

the role of healthy �uvial systems becomes ever more apparent (see Everard and

Powell, 2002). Shifts in river management priorities from a ‘hydraulic engineer-

ing’ paradigm towards a more holistic focus on sustainable management and eco-

logical outcomes require e�ective understandings of the diversity, pattern, func-

tionality and evolution of riverine environments (Brierley and Fryirs, 2005; Dong,

2003; Downs and Gregory, 2004). Valley �oors contain a wide array of riverscapes

consisting of unique morphologies and processes which support an assortment

of aquatic and terrestrial life (Montgomery, 1999; Ward et al., 2002; Wiens, 2002);

protecting this natural diversity is a growing priority worldwide. Appropriate un-

derstandings of ‘natural’ values at any given place incorporate an appreciation of

the diversity inherent to appropriate heterogeneity (e.g. Fryirs and Brierley, 2009;
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Reid et al., 2008), system responses to disturbance events, and likely evolutionary

trajectories (Fryirs et al., 2009; Ziliani and Surian, 2012).

Holistic management of �uvial systems requires consideration of both biotic

and abiotic factors, recognising that they are inextricably interlinked. Ecological

potential is highly dependent on the quality and quantity of available habitat: the

local physical, chemical and biological features providing an environment for biota

(Jackson et al., 2001; Maddock, 1999). Geodiversity ensures an appropriate range

of available habitat in terms of both morphological features and the processes

that (de)form them: varying disturbance regimes, �ow periodicities and velocit-

ies, boundary exchanges and connectivities provide for particular arrays of organ-

isms (Montgomery, 2001; Po� and Ward, 1990; Robinson et al., 2002; Ward et al.,

2002; Wiens, 2002). Understanding the controls on the quantity, quality and distri-

bution of natural habitat in and around �uvial systems provides insight into the

distribution, health and resilience of associated ecosystems, and their potential for

recovery if degraded (Po� and Ward, 1990).

Physical habitat heterogeneity is not the sole determinant of habitat quality,

form alone is certainly not (Palmer et al., 2010) and the provision of physical hab-

itat may not in itself produce pre-disturbance ecosystems (Hilderbrand et al., 2005).

Rather, appreciation of the natural array of habitat in a particular system, the im-

pact of human activities relative to natural behaviour regimes and the evolutionary

trajectory of the system can inform successful management through the applica-

tion of geomorphic principles (e.g. Brierley and Fryirs, 2009; Fryirs et al., 2009).

Holistic understandings require e�ective frameworks through which knowledge

can be gathered, described, integrated and interpreted; without these contextual

frameworks, data and the ‘answers’ they provide are at best meaningless and at

worst misleading (Church and Mark, 1980). Geomorphic classi�cation provides

this structure, allowing an almost in�nite diversity of �uvial landforms and pro-

cesses to be grouped by common factors to aid understanding, allow comparison

and simplify communication (Goodwin, 1999). As abstractions of reality, classi�c-

ation systems have a number of limitations and must be applied with care (e.g.

Juracek and Fitzpatrick, 2003; Small and Doyle, 2011). When they are carefully de-

signed and implemented for a speci�c system, however, they provide a powerful
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tool for the assessment and description of variability (Bu�ngton and Montgomery,

2013).

Scale is integral to geomorphological inquiry (Schumm and Lichty, 1965). While

the ‘habitat scale’ may seem of greatest immediate ecological relevance, the geo-

morphic and ecological controls and processes producing this habitat operate at

a variety of spatial and temporal scales: from the long-term in�uences operating

across ecoregions to the near-instantaneous processes of substrate-�ow interac-

tions (Cooper et al., 1998). While rivers have been conceptualised as a continuum

of biological processes from source to mouth (Vannote et al., 1980) they are much

more complex, with multiple, scale-dependent (dis)connectivities, inputs, and in-

teractions with surrounding landscapes (Newson and Newson, 2000; Poole, 2002;

Thorp et al., 2006). Nested hierarchical frameworks provide a means of addressing

these problems of scale by arranging riverine systems into multiple levels of char-

acteristic assemblages of features and processes. Each of these scale-dependent

layers is comprised of smaller-scale features, as well as being constrained by the

larger-scale systems which they in turn constitute (Brierley and Fryirs, 2005; Fris-

sell et al., 1986; Naiman et al., 1992).

Brierley and Fryirs (2005) propose the ‘reach’ scale as the foundation of geo-

morphic enquiry, comprising the distinct components of riverine systems (e.g. chan-

nel, �oodplain, vegetation) where they can be studied as distinct but interconnec-

ted systems. Reaches contain assemblages of geomorphic units and their associ-

ated processes (e.g. bars, ri�es, pools), in turn containing hydraulic units and, at

the �nest scale, microhabitats. Importantly for holistic understandings of geodi-

versity, these incorporate both erosional and depositional forms and extend from

the channel itself to incorporate associated �oodplain features. Multiple reaches

can be grouped into broader landscape units, or process zones, re�ecting the broad

distribution of sediment and erosional energy within a catchment (Polvi et al.,

2011). Finally, catchment characteristics are in�uenced at the ecoregion scale by

the long-term, broad-scale in�uences such as tectonics and climatic characterist-

ics which produce the broad boundary conditions within which a river operates.

This paper provides an overview of the reaches and landscape units on the trunk

stream of the Yellow River source zone, within the broader Qinghai-Tibetan Plat-

eau. Most work in the region has generally focussed on channel pattern in allu-
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vial rivers, with particular emphasis on understanding the potential controls on

planform morphology and modelling planform change (e.g. Ni et al., 2000; Wang,

2008; Wang et al., 2000). Some of these studies have begun to explore the links

between river diversity and stream biodiversity (e.g. Dong, 2003; Zhao et al., 2007).

Broader-scale relationships between valley characteristics and channel pattern de-

velopment on the Plateau have received relatively little attention, although Yu and

colleagues (2013) present a broad review. This paper explores the role of valley

con�nement in in�uencing channel pattern development in the headwaters of the

Yellow River more speci�cally, emphasising the role of accommodation space as

an integral precondition for morphological variation at smaller scales.

3.4 regional setting: the yellow river source zone

Upstream of the Longyangxia reservoir, the Yellow River drains an area of approx-

imately 135 000 km
2

in the northeastern section of the Qinghai-Tibetan Plateau

(Figure 3.1). As it crosses the plateau it traverses a range of landscapes (see Nicoll

et al., 2013), �owing southeast between the Bayan Har and Anyemaqen mountain

ranges before cutting northwest through the Anyemaqen Mountains toward the

Tongde and Gonghe Basins. To ensure consistency with Chinese terminology, this

uppermost part of the Yellow River is referred to hereon as the Yellow River source

zone.

Although the timing and mechanisms of tectonics on the plateau remain contro-

versial (Royden et al., 2008), the northeastern region of the plateau appears to be

the youngest, forming during the Pliocene 5.3-2.2 million years ago (Ma) through

basin in�lling (Pares et al., 2003; Tapponnier et al., 2001). It appears to have sub-

sequently uplifted in three main stages, 2-1.5 Ma, 1 Ma and 0.15 Ma (Li, 1991), with

the Yellow River beginning to incise rapidly approximately 1.8 Ma (Craddock et

al., 2010). Although it has been suggested that the entire Qinghai-Tibetan Plateau

was covered by a thick ice sheet during the last glacial maximum (LGM), most

evidence suggests that the snowline only extended at most 1000 m below its con-

temporary position in the eastern plateau, with limited glacial expansion (Heyman,

2010; Lehmkuhl and Liu, 1994; Lehmkuhl et al., 1998). The increased strength of

the winter monsoon during the LGM resulted in greatly increased loess deposition
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Figure 3.1: The Yellow River source zone. Channels marked drain a surface area of greater

than 50 km
2
.

in the middle reaches of the Yellow River (Zhuo et al., 1998). The river is still ad-

justing to this, producing the world’s fourth-highest sediment yield (Xu and Yan,

2005).

Flow data for the Yellow River source zone are patchy, however discharge at

stations downstream has decreased since the early 1900s due to decreased precip-

itation and direct human impacts such as reservoir construction and water abstrac-

tion (Lu, 2004; Wang et al., 2006). Within this overall trend, the Yellow River shows

a strong monsoon-driven seasonality in discharge (Lu, 2004), with the greatest

�ows occurring over summer due to increased rainfall (Yu et al., 2013). Human

modi�cation of �ow in the study area is limited, with only one signi�cant reservoir.

Further downstream, the Longyangxia reservoir has a storage capacity of 24.7 bil-

lion m
3

(Gao and Feng, 2002); this likely acts as a local base-level control, but any

upstream impact is currently uncertain. Although the upper reaches provide 50-

60% of the river’s annual discharge and comprise 49% of the total drainage basin

area, they produce only 10% of its sediment load (0.15 × 109
tonnes/yr). This

is a stark contrast to the river’s middle reaches further downstream which, �ow-
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ing through the extremely erodible Loess Plateau, supply only 30-40% of the total

discharge but 90% of the sediment load (Shi et al., 2002; Zhang et al., 1990).

Due to the high altitude of the Qinghai-Tibetan Plateau the area has a cold and

dry alpine climate, with an annual mean temperature of -2.3 °C and mean pre-

cipitation of 411 mm/yr largely falling as snow or heavy rain (Feng et al., 2005).

Vegetation cover is predominantly grassland, with six main land covers (Wang et

al., 2001): alpine stepped meadow, swamp meadow, high-cold shrub meadow and

plain meadow, high-cold deserti�ed steppe, high-cold steppe meadow and mobile

and semi-stable sand. The Qinghai-Tibetan Plateau has been described as a grazing-

adapted landscape with a history of nomadic grazing possibly stretching as far as

8800 years before present (Miehe et al., 2008, 2009), however pressure on the region

has increased in recent years (Li et al., 2011). Although the extent and causes of

degradation are contested (Harris, 2010), grassland degradation and deserti�cation

on the plateau is signi�cantly altering local ecologies (Wang et al., 2001).

3.5 methods

Morphological interpretation was carried out on the Yellow River source zone us-

ing a mixture of �eld-based interpretation and satellite imagery available through

Google Earth. Analysis of a Shuttle Radar Topography Mission (SRTM) 90 metre

Digital Elevation Model (DEM) in ArcGIS provided slope and valley width data.

The terminologies used to describe riverine systems can be varied and ambigu-

ous, with even fundamental de�nitions of planform types varying greatly between

authors (Lewin and Ashworth, 2013). For the purposes of this study planform types

are de�ned as described by Brierley and Fryirs (2005).

3.6 broad-scale geodiversity in the yellow river source zone

At the landscape unit scale, the trunk stream of the Yellow River source zone com-

prises �ve main morphological sections containing notably di�erent morpholo-

gical units, both in-channel and on the �oodplain (Figure 3.2; Table 3.1). The trans-

itions between these sections can be linked to the variations in valley width and

slope that re�ect the catchment’s history of basin in�lling, uplift and incision (Fig-
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Figure 3.2: The Yellow River’s source catchment, showing elevation (metres above sea

level) and the �ve broad-scale morphological sections of trunk stream. Section

1: primarily uncon�ned, braided-anabranching. Section 2: partly-con�ned ana-

branching or braided. Section 3: con�ned single channel with discontinuous

�oodplain pockets. Section 4: partly-con�ned anabranching. Section 5: valley

and terrace-con�ned single channel.

ure 3.3). The in�uence of broad-scale vegetation patterns is also notable in produ-

cing di�erent morphologies, even where boundary conditions are similar (Yu et al.,

2013).

The upstream segment of the Yellow River source zone, near Maduo (section

one), is largely uncon�ned, dominated by braided and some anabranching sections

with a large number of �oodplain wetlands (Figure 3.4). Because this section sits

in a broad, �lled valley it has excess accommodation space and is generally free to

spread across its �oodplain. As a result of the low slopes in this section, with an

overall gradient of 0.0004 (Figure 3.3), the river has little energy to move sediment

and deposits it midstream to create multiple channels. Due to the temperature-

controlled short growing seasons near Maduo, vegetation has little opportunity

to stabilise these bars, leaving them to be relatively easily reworked to produce

braided morphologies where and when su�cient energy is available, likely during

the spring thaw (Yu et al., 2013). The multiple channels of these rivers contain

alternating ri�e-run sequences; along with the associated periodically-inundated

channels these produce a diverse array of in-stream habitat with a wide range
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Table 3.1: Yellow River source zone planform morphologies and associated morphological

units (sensu Brierley and Fryirs, 2005).

Section Valley con-

�nement

Channels Dominant

planform

In-channel

units

Floodplain

units

1

(up-

stream)

Laterally

uncon�ned

2-8 Braided,

some ana-

branching

Mid-channel

bars,

secondary

channels,

ri�e-run

sequences

Multiple

�oodplain

wetlands,

dunes

2 Partly-

con�ned

2-5 Anabranching-

braided

Mid-channel

bars, islands,

chute

channels

Some

wetlands,

�ood

channels

3 Con�ned 1 Con�ned,

regular

�oodplain

pockets

Occasional

mid-channel

bars

Minimal

4 Partly-

con�ned

1-3 Anabranching Mid-channel

bars, islands

Terraces,

abandoned

channels,

oxbows, back-

channels

5

(down-

stream)

Con�ned

(terrace,

valley)

1 Con�ned Minimal Alluvial fans,

terraces
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Figure 3.3: Longitudinal pro�le of the Yellow River source zone’s trunk stream, down-

stream to Longyangxia Reservoir, showing the �ve broad morphological sec-

tions identi�able at the landscape scale.

of water depths, �ow velocities and disturbance regimes. Wide �oodplains and

the multiple lakes and wetlands in the area also provide a range of habitat, with

various degrees of �uvial input depending on their morphogenesis and position

relative to the river.

Section two of the Yellow River, near Dari, contains signi�cant stretches of river

exhibiting both braided and anabranching characteristics (Figure 3.5). As the valley

margins begin to encroach on the river they restrict �oodplain development, with

the river often taking up much of the valley �oor. At 0.001, slope here is approxim-

ately double that of section one upstream (Figure 3.3), though still relatively low. A

longer growing season near Dari allows vegetation to establish itself on some bars

during the summer months, stabilising them despite higher �ows at this time of

year (Yu et al., 2013). Similarly to section one, multiple channels, bars and islands

provide a wide array of hydraulic units. The smaller �oodplains in the area contain

fewer wetlands than section one; instead, back-channels within the macrochannel

provide hydraulic diversity.

Section three contains a single channel that �ows within a con�ned or partly-

con�ned valley with bedrock-controlled regular �oodplain pockets (Figure 3.6).

The valley margin plays a key role in this transition as the river �ows through a

set of foothills, restricting the river to a single channel with small pockets of �ood-
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Figure 3.4: Section one of the Yellow River source zone, near Maduo, showing character-

istic braided planform morphology. Scale not consistent between images. (a)

Satellite imagery showing representative reach; (b) satellite image with labelled

geomorphic units; (c) valley cross section showing a wide, �at valley �oor; (d)

oblique photograph showing wide, �at valley �oor containing multiple �ood-

plain wetlands.
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Figure 3.5: Section two of the Yellow River source zone near Dari showing character-

istic partly con�ned anabranching-braided morphology. Scale not consistent

between images. (a) Satellite imagery showing representative reach, (b) satel-

lite image with labelled geomorphic units; (c) valley cross section showing nar-

rower valley �oor; (d) oblique photograph showing excised �oodplain (to left

of image) and braid bars (to right of image).
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Figure 3.6: Section three of the Yellow River source zone near Jiuzhi showing character-

istic con�ned channel with regular �oodplain pockets. Scale not consistent

between images. (a) Satellite image showing representative reach; (b) satellite

image with labelled geomorphic units; (c) valley cross section showing very

narrow valley �oor; (d) oblique photograph showing narrow valley with small

�oodplain pocket.

plain inside bends. With a slope similar to section two (approximately 0.001), little

distinguishes this section from upstream on the long pro�le (Figure 3.3). Much of

the river here is lined with angular gravels, suggesting localised reworking of col-

luvial material. Morphology in section three is generally simpler, with a relatively

symmetrical channel: habitat heterogeneity is likely to be naturally lower in these

reaches.

Section four, near Maqu, contains a mixture of uncon�ned, partly con�ned and

con�ned reaches. They are predominantly anabranching, except in the relatively

short con�ned section where the river forms a single channel (Figure 3.7). The

knickpoint downstream (Figure 3.3), which represents the upstream extent of a

phase of historical incision, acts as a local baselevel control, behind which valley

in�lling has occurred to produce the �attest section in the Yellow River source

zone (slope approximately 0.0002). The resulting loss of energy causes the river to

deposit sediment in-channel, forming sinuous anabranches where accommodation

space is available. As a result of the low energy in this section the river appears
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Figure 3.7: Section four of the Yellow River source zone near Maqu showing character-

istic partly con�ned anabranching planform morphology. Scale not consistent

between images. (a) Satellite imagery showing representative reach; (b) satel-

lite image with labelled geomorphic units; (c) valley cross section showing very

narrow valley �oor; (d) oblique photograph showing multiple channels separ-

ated by well vegetated, relatively stable islands.

to have relatively stable banks, with a high proportion of vegetated mid-channel

bars/islands. The large number of abandoned meanders suggests that the river may

have straightened its course in the past (see Li et al., 2013). Evidence suggests that

both lateral channel migration and avulsive processes are active. Similarly to sec-

tion two, the large number of channels and bars at varying depths/heights provides

a range of in-stream habitat, with multiple water depths and velocities. The aban-

doned channels on the �oodplain present signi�cant wetland habitat, with variable

inundation depending on position and elevation.

The lowermost part of the Yellow River source zone, section �ve �owing past

Xinghai, is predominantly terrace and valley-con�ned, with little room to move

(Figure 3.8). Historical retreat from the plateau margin has caused the Yellow River

to incise into its own deposits (Craddock et al., 2010), leaving the river trapped by

terraces and tributary alluvial fans at the valley margins. At a slope of 0.002, this

section is an order of magnitude steeper than section four (Figure 3.3); the com-

bination of a lack of space and higher energy generally prevents the formation of
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Figure 3.8: Section �ve of the Yellow River source zone near Xinghai showing charac-

teristic terrace-fan con�ned channel. Scale not consistent between images. (a)

Satellite imagery showing representative reach; (b) satellite image with labelled

geomorphic and fan surface units where T1=youngest and T5=oldest; (c) valley

cross section showing very narrow valley �oor; (d) oblique photograph show-

ing telescopic tributary fan con�nement of the trunk stream.

mid-channel bars and secondary channels. Similarly to section three, the channel

in section �ve is therefore naturally relatively homogenous, with variation in �ow

velocities largely limited to the channel margins and inside bends.

3.7 discussion

The Yellow River source zone exhibits a wide array of broad-scale geodiversity,

with �ve main �uvial environments identi�ed along the trunk stream. These sec-

tions are characterised by particular assemblages of geomorphic units, both within

the channel and on the �oodplain. Local variations in landscape setting produce

variations in morphological controls across the catchment; the resulting range of

in�uences produces markedly di�erent riverscapes containing a diverse range of

habitat.

The boundary conditions of valley width and slope are the major direct controls

on landscape unit-scale morphology within the Yellow River source zone. These
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conditions vary throughout the catchment with local tectonic and incisional histor-

ies: the excess of accommodation space and low slopes of section one are produced

by uplifted basin �lls, the con�ned valleys of section three re�ect localised uplift

of the Anyemaqen Shan, and the terrace con�nement and steep slopes of section

�ve are products of headward retreat into alluvial deposits (Craddock et al., 2010).

The impact of con�nement on the trunk stream is particularly notable, restricting

the river to a single channel through sections three and �ve. Where accommoda-

tion space is available in sections one, two and four the river is free to adjust in

response to stream power, sediment characteristics and bank strength, showing a

tendency to form multiple channels near the braided/anabranching threshold (see

Eaton et al., 2010; Nanson and Huang, 2008).

The headward retreat that caused section �ve to incise into its deposits began

approximately 1.8 million years ago (Craddock et al., 2010), yet this evolutionary

imprint dominates the contemporary riverscape bringing a particular set of mor-

phologies, processes and connectivities. The river in this section is now e�ectively

cut o� from its historical �oodplains, leaving it with little room to adjust or de-

posit sediment. While sediment in the terraces now has an inde�nite residence

time, sediment entering the channel from upstream or local tributaries is quickly

�ushed through due to the lack of storage space and high stream power (see Nicoll

et al., 2013). In contrast, the broad �oodplains and channels of sections one, two

and four act as large sediment stores, delaying the transfer of sediment through

these systems.

Vegetation plays an important role in �uvial systems, stabilising banks, bars and

�oodplains (Corenblit et al., 2007). This relationship is apparent in the Yellow River

source zone, where regional variations in the growing season act as an important

control on morphology (Yu et al., 2013). In particular, the di�erences in vegeta-

tion growth between sections one and four appear to a�ect their positions on the

braided-anabranching continuum. Section one is �atter than section two (Figure

3.3), and therefore might be expected to tend more towards anabranching morpho-

logies (Eaton et al., 2010). Its position above the permafrost threshold (Nicoll et al.,

2013) produces a shorter growing season, however, inhibiting the stabilising e�ect

of vegetation by slowing the colonisation of bars to favour braided morphologies.
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The connectivity of elements within riverine systems plays an important role

in modulating responses to disturbance. Highly dependent on landscape history,

connectivity refers to the storage time for sediment in various components of the

riverscape as it moves from hillslopes into, and through, the catchment (Brierley

et al., 2006; Fryirs et al., 2007). The wide valleys of section one have produced

a river that is generally laterally disconnected, with broad �oodplains bu�ering

the channel against sediment entering it from the valley margins and tributaries.

The downstream constriction in valley width appears to act as a local base level

control for this section, causing the valley to in�ll through channel aggradation

and �oodplain sedimentation: this largely depositional section is therefore also

relatively longitudinally disconnected.

The partly con�ned valleys and increased slopes of section two encourage greater

lateral connectivity as smaller �oodplains are reworked more regularly and less

space is available for tributaries to store sediment in fans. Longitudinal connectiv-

ity is also greater in section two, although localised pinch points encourage local-

ised sediment accumulation.

The con�ned and partly con�ned section three exhibits perhaps the greatest lat-

eral connectivity of the Yellow River source zone: the river is often in contact with

both sides of the valley and tributaries have only limited room to store sediment.

Longitudinal connectivity in this section is also high, with a single, deep channel

able to e�ciently transport sediment downstream.

The �oodplains, extensive backswamps and tributary fans of section four store

large volumes of sediment, disconnecting the river from the valley margins. This

section has accumulated sediment over an extended period, acting as a sediment

sink with long storage times.

Section �ve shows a sharp contrast to section four, with a steep gradient allow-

ing sediment to move rapidly through the system. Here the extensive terrace-fan

complexes of the Tongde basin disconnect the river from the valley margins and

tributaries, leaving it to laterally rework these fans as well as historical valley �lls

(Figure 3.8).

Tributaries generally appear to have limited morphological impact on the trunk

stream, making little di�erence to the relationship between aggradation and pro-

gradation. This implies that the energy/sediment balance in the tributaries is sim-
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ilar to that of the trunk stream, or that scale limits their impact. Section �ve con-

tains the most obviously morphologically signi�cant tributaries of the studied sec-

tions, as their adjustment to the base level of the trunk stream has produced signi-

�cant alluvial fans. These regularly force the trunk stream against one side of the

valley (see Figure 3.8).

Understanding and e�ectively managing the Yellow River source zone, as well

as the other �uvial systems on the Qinghai-Tibetan Plateau, requires the ability

to explain geodiversity in terms of the controls and interactions occurring at mul-

tiple scales. While this paper introduces the broad context, patterns and controls

of the Yellow River source zone’s trunk stream, it only presents a limited survey of

the wide array of morphological features and processes operating at various spa-

tial and temporal scales in the area. The future challenge is to further investigate

the interactions between form and process, linking the broad-scale patterns and

controls explored here to the processes and interactions operating at the much

�ner, localised scales at which people, animals and vegetation interact with the

river. A multi-scalar, process-based understanding of the Yellow River source zone

will provide improved explanations of geodiversity and connectivity in the region,

allowing investigation into ecological relationships, evolutionary trajectory and

potential sensitivity to disturbance.

It seems intuitive that morphology must act as an important ecological con-

trol: geomorphic form and its associated processes comprise and form the en-

vironments within which riverine ecologies reside. Processes and interactions at

the reach-scale produce particular assemblages of morphological features such as

ri�e-run sequences and �oodplain wetlands, determining the types and diversity

of riverine habitat. These reaches comprise individual geomorphic units such as

individual bars, each with particular hydrological characteristics and disturbance

regimes, providing habitat to small groups of organisms. Within individual mor-

phological units, hydraulic units characterise particular �ow velocities and the sub-

strate characteristics which determine habitat availablity for individual organisms.

Despite these interactions, there exists a dearth of research systematically in-

vestigating these relationships and almost no information exists for the Qinghai-

Tibetan Plateau. While reach-scale morphology can be linked to the type of hab-

itat available at the hydraulic unit scale (Thomson et al., 2001), few attempts have
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been made to investigate subsequent linkages to ecology. While Thomson et al.

(2004) found that particular morphological units exhibit similar habitat and eco-

logical characteristics across reach types, they did not address reach-scale vari-

ations in the frequency of these units. Variations in geomorphic form and condi-

tion have been linked to ecological distribution at reach-scales (Chessman et al.,

2006), however this work does not extend to smaller scales. A need therefore re-

mains for systematic, cross-scalar work examining variations in river ‘type’ at the

reach scale, the assemblages of morphological and hydraulic units forming these

broader riverscapes, and the habitat potential presented by these features. Pan and

colleagues (2012) present an initial investigation of �uvial geo-ecological linkages

on the Qinghai-Tibetan Plateau.

The ability to understand change in river systems, particularly in the context of

external disturbance such as climatic and land use modi�cation, is integral to ef-

fective management. Change in riverine systems is non-linear, occurring through

the interaction of imposed, external conditions with the internal state of a par-

ticular river at a particular time (Lane and Richards, 1997). Under relatively ‘nor-

mal’ disturbance regimes these interactions produce a natural range of behaviour

within certain evolutionary trajectories (Brierley et al., 2008). Contrary to tradi-

tional notions of equilibrium, however, if certain thresholds are crossed (Phillips,

2011) systems can switch between entirely di�erent sets of process-form relation-

ships, and change drastically (Brierley et al., 2008). Understanding the sensitivity

of individual systems, how easily these thresholds might be crossed, is essential

to predicting potential responses to changing boundary conditions. Such system-

speci�c insight needs to be ground-truthed by �eld-based investigation of the di-

versity, patterns and evolution of the system in question. Incorporating these un-

derstandings into policy and on-the-ground applications is integral to e�ective,

sustainable river management.

3.8 conclusion

Analysis of geodiversity is an important consideration in appraisals of biodiversity.

A wide range of geodiversity has been demonstrated within the Yellow River source

zone, re�ecting the unique environmental setting and evolutionary adjustments in
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this region. The imprint of historical in�lling and incisional episodes has produced

the contemporary broad-scale patterns of accommodation space induced by slope

and valley width. Future research is required to form the basis of conservation and

rehabilitation initiatives in this region, linking ecological values and associated

measures of functionality to these understandings of landscape.





Part III

C R I T I C A L P H Y S I C A L G E O G R A P H Y ?
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T H E P L A C E O F P E O P L E

Ironically, bold pronouncements by post-modernists of the death of En-

lightenment meta-narratives have been written in such a way that the

next of kin – empiricist and positivist physical geographers – missed

the funeral. If human geographers are really serious about changing

the way that science is socially constructed, then they must �nd some

way to address practising scientists. (Demeritt, 1996, p. 485)

Contemporary arguments for the primacy of place in geomorphology echo early

concern about the oversimpli�cation of quanti�cation, but also have more prox-

imate intellectual roots in movements criticising reductionism and naïve positiv-

ism in the sciences. Mid-twentieth century regionalist defences of place-based geo-

morphology possessed an air of conservatism—perhaps reactionary responses to

an impending Kuhnian paradigm change (see Orme, 2002). Arguments against a

placeless and timeless geomorphology grew from the 1970s, in�uenced by scepti-

cism towards claims to fundamental, objective knowledge that is free of its broader

context. While geomorphologists might traditionally interpret context in terms of

place and history (e.g. Brierley et al., 2013; Phillips, 2017), for those aiming to un-

derstand people it points primarily to the social and political conditions in which

they live.

Many of the strongest contemporary objections to positivism have emerged in

opposition to the application of reductionist methodologies to explain human beha-

viour. Critical social psychology, for example, developed partly in response to the

practice of ascribing the behaviour and characteristics of individuals to limited sets

of physiological or environmental variables (see e.g. Gavey, 1989). Arguing that

such explanations both neglect individual experience and overlook the broader

milieu within which people think and act, these researchers challenge ‘common

sense’ assumptions of stable categories and controls on behaviour and draw atten-

tion to the implications of claims to such knowledge. Applied to examples such

51
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as sexism, these post-structuralist approaches have opened up space for nuanced

analysis of the ways power and privilege su�use everyday life (e.g. Calder-Dawe,

2015; Calder-Dawe and Gavey, 2016).

Perhaps unsurprisingly given this context, it is in human rather than physical

geography that critiques of reductionism have been strongest, and exerted greatest

methodological in�uence. Harvey’s (1974) critique of ostensibly apolitical, positiv-

ist research rejected the notion of the ‘benevolent bureaucrat’ producing ostens-

ibly neutral knowledge, arguing that focussing purely on technical pro�ciency ob-

scured broader questions of social responsibility. This set the scene for a diverse ar-

ray of ‘critical’ geographical scholarship, actively engaging in the politics of know-

ledge production from the political left (see Johnston, 2016).

Physical geographers and geomorphologists have generally been less willing

to directly address the social and political contexts of their work. It would be a

stretch, however, to argue that this re�ects a lack of moral sensibility: such re-

searchers have, for example, been instrumental in furthering a range of environ-

mental causes, better understanding hazards, and predicting the impacts of climate

change. Rather, it entails a position that the solution to many of these problems

lies primarily in better understanding the physical world; that the production of

more, better knowledge is a moral ‘good’ in its own right. Such work separates

the making of such knowledge from its application, treating it as a value-free exer-

cise divorced from the messy politics of decision-making. This is consistent with

various forms of philosophical realism, largely adopted from other scienti�c discip-

lines, which strive towards increasingly true statements about the world through

the iterative production and testing of falsi�able claims (see e.g. Inkpen and Wilson,

2013).

Yet this separation of knowledge production from its context is, in practice,

rarely as clean and clear as might be ideal. The connections are particularly appar-

ent in physical geography and geomorphology, where many researchers ful�l dual

roles as scientists and environmental consultants, and research articles regularly

emphasise any potential management implications of their �ndings. Bouleau’s

(2014) juxtaposition of the management regimes of the Seine and Rhône Rivers, for

example, highlights how the ‘scienti�c puzzles’ conceivable for each river are not

simply the product of a disinterested assessment of facts, but relations between
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people and place. The entanglements between public interest and research aims

(Bouleau et al., 2009), the links between theoretical frameworks and the desires of

capital (Linton, 2008; Linton and Budds, 2014), and the con�ation of heuristics for

research with assertions of value (see Chapter 7 as well as Kennedy, 1992) have en-

couraged increasing attention to the mutual feedbacks between the questions we

ask of the world, and the potential futures they make possible (e.g. Harden, 2012).

4.1 between nature and society

Much is made of geography’s history of, and potential for, interdisciplinarity (e.g.

Baerwald, 2010; Kates, 1967; Thom and Woolmington, 1988). Relationships between

people and the physical environment are a long-standing part – perhaps the funda-

mental part – of this tradition: from the uncomfortably deterministic roots of the

‘human ecology’ which intrigued Davis and his contemporaries (Barrows, 1923;

Leighly, 1955) to more recent, and more progressive, calls for consolidation and

revitalisation of geography around the relationships between nature and society

(Stoddart, 1987; Turner, 1989; Zimmerer, 1994). Relatively �xed views of nature and

society have generally persisted, however, producing visions of interdisciplinarity

largely restricted to ‘bolting on’ social in�uences to science regarding the physical

environment, or vice versa (see e.g. Castree, 2014).

Noel Castree in particular has made a series of arguments for radical interdis-

ciplinarities which do more than simply integrate knowledges, reconsidering the

relationships they make possible (Castree, 2015a,b, 2016). Potential approaches

to this have developed from two primary research traditions. The �rst of these

emerges from science and technology studies (STS) and political ecology. Both of

these �elds have traditionally worked at the margins of the ‘natural’ and the ‘cul-

tural’: STS through its focus on the social and political processes of knowledge

production (e.g. Lave, Mirowski et al., 2010; Sismondo, 2004), and political ecology

by foregrounding the social, economic and power dynamics of human relations

with the physical environment (compare Turner, 2016; Walker, 2005). As material-

ism and the more-than-human enjoy a renaissance in the humanities and certain

parts of the social sciences (see Whatmore, 2006), researchers working from these

traditions are increasingly interested in the physical world. This work has, for ex-
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ample, drawn attention to the social elements of processes and phenomena which

might otherwise be conceptualised as natural (e.g. Linton, 2010; Linton, 2008; Lin-

ton and Budds, 2014). This unsettling of naturalness generally emphasises human

agency, with a democratising intent.

The second emergent theme approaches interdisciplinarity from the opposite

direction. The relatively recent movements towards ‘socio-hydrology’ (e.g. Di Bal-

dassarre et al., 2013; Ertsen et al., 2013; Lane, 2014; Sivapalan et al., 2012) and

‘sociogeomorphology’ (Ashmore, 2015) are primarily the work of physical scient-

ists concerned with human impacts on the landscape (see Wesselink et al., 2017).

Wesselink describes these approaches as (post)positivist, re�ecting their discip-

linary roots: they emphasise contingency and uncertainty, but remain broadly

committed to producing objective knowledge about the physical world. Like post-

normal science before them (c.f. Funtowicz and Ravetz, 1993), they enact a green,

democratising politics from a primarily rationalist perspective (see Wesselink and

Hoppe, 2011), emphasising the utility of supplementing scienti�c understanding

with di�erent forms of expertise (see e.g. Lane, 2014). They do not assert the death

of modernity (c.f. Funtowicz and Ravetz, 1992), but rely on the more grounded

claim that social processes play an important role in in�uencing physical land-

scapes (see Ashmore, 2015).

These forays into interdisciplinarity begin from notably di�erent positions, but

share a broader emphasis on changing relationships between people and the phys-

ical environment. They aim to do this by exploring and challenging the way natur-

alness is understood, and the values associated with it. This includes, for example,

emphasising the ways in which ‘wildness’ can thrive even in places which are heav-

ily modi�ed by people, highlighting the possibilities presented by recognising and

understanding this (Ashmore and Dodson, 2016; Cronon, 1996). Despite their dis-

tinct lineages, these approaches thus present a common political project based on

the premise that the kinds of knowledge people create shape what is possible.

The following chapter explores the notion of context, expanding it from the

purely biophysical to incorporate the social and scienti�c practices and processes

which shape our understandings of landscape. In particular, it outlines the role that

simplistic classi�cation and quanti�cation can play in embedding and obscuring

underlying assumptions: what Hiers and colleagues (2016), writing at the same
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time, name the ‘precision problem’. It welcomes the momentum gained by critical

physical geography in drawing attention to the role of power relations and social

processes in the knowledge we create about the world (see Lave, 2014a; Lave et al.,

2014). It also, however, stresses that these engagements must be seen to be con-

structive if they are to avoid repeating the misunderstandings which have limited

the impact of similar e�orts in the past (see Demeritt, 1996).
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I N T E R V E N T I O N 2

‘ B U T W H AT D O YO U M E A S U R E ? ’ P R O S P E C T S F O R A

C O N S T R U C T I V E C R I T I C A L P H Y S I C A L G E O G R A P H Y

5.1 introduction

Just as a river is the product of its valley (Hynes, 1975), constrained by it even as it

modi�es it, so geomorphic knowledge shapes, and is shaped by, the world around

it. As we burrow deeper into the earth’s secrets, what we discover depends not

only on what is there but on the questions we ask, the tools we use and the frame-

works and languages we apply to give meaning to our �ndings (see Church, 1996;

Collingwood, 1946; Rhoads and Thorn, 1993, 1996a). Geomorphic knowledge, in

turn, is used to physically modify the world: our perceptions of what is possible

a�ect how we choose to act, and how we choose to act a�ects our perceptions of

what is possible. Understanding how and why geomorphic knowledge is manufac-

tured and mobilised, the processes of co-production through which information,

institutions and the physical world interact (Bouleau, 2014), is therefore integral to

understanding the world around us. People bring a diversity of values, ideas and

knowledge to questions of landscape and water: there is no single way to know the

world (e.g. Linton, 2010). As geomorphology strives for the apparent objectivity of

the harder sciences (Massey, 1999) it not only creates knowledge, but also shapes

possibilities for action.

Drawing upon critical traditions within and beyond geography, a growing num-

ber of authors acknowledge the importance of politics and power in the analysis of

landscapes and the ‘work’ that research practices do (e.g. Tadaki et al., 2015, 2012).

Resonating with analyses of socio-natures (see Castree, 2013), science studies in

geography (e.g. Wainwright, 2012), critical cartography in physical geography (e.g.

Hamylton, 2014), the deeply political emergence of the Anthropocene (Castree,

2015a; Castree et al., 2014) and socio-geomorphology (Ashmore, 2015), these voices

57
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draw attention to the role of researchers and research practice in the knowledge

we produce (Lane, 2014). They suggest that there may be value in interrogating the

framings and assumptions underpinning our understandings of the world, explor-

ing possibilities for knowing and making it di�erently (Blue et al., 2012; Brierley

et al., 2013; Tadaki et al., 2015). Some of this work is being compiled under the

label of ‘critical physical geography’ (see Lave et al., 2014), although neither that

label nor a broader ‘geographical’ one can claim a monopoly on these themes (e.g.

Turner, 2016).

Geomorphology incorporates a broad array of people, projects and politics, en-

compassing a diverse set of activities: from pure science, concerned with unrav-

elling processes and histories of landscape formation, to applied science modify-

ing our surroundings to suit societal values and perceived needs. The resulting

tangled connections between science, practice and policy provide fertile ground

for broadly-based geographical enquiry into human-environmental relations (see

Castree, 2015b). Geomorphology has a history of engagement with diverse the-

oretical and methodological approaches (see Butzer, 1973; Jennings, 1973; Slay-

maker, 1997). This might be extended to learn from, and to change, the intricate

relationships between ‘nature’, people and politics as expressed through geomor-

phology and physical geography. We see critical physical geography as a space for

examining the role played by people, power, politics and place in physically shap-

ing landscapes. We hope it will encourage constructive engagement with questions

of contingency, context, equity and the material consequences of the ways geomor-

phologists understand landscapes. It might foster new, productive discussions of

empirical rigour, appropriate classi�cation and the role of scienti�c credibility in

creating and maintaining geomorphology’s role in developing and using tools to

analyse and modify landscapes.

Here we examine how approaches to geomorphic enquiry shape the questions

we ask, the data we collect and the answers we produce. We brie�y discuss geo-

morphology’s construction as an applied science, subject to demands for precision,

predictability and objectivity which can be misleading in a world imbued with

uncertainty, power and politics. Using the example of river diversity we explore

the relationship between geomorphic knowledge and environmental outcomes, ex-

amining the role of measurement and classi�cation in making particular environ-
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mental futures possible. Finally we consider the potential for a constructive critical

physical geography to develop rigorous, place-based and democratic understand-

ings of landscapes. While we limit our discussion to English-speaking traditions

of geomorphology, these themes are likely to have broader relevance.

5.2 measurement as knowing

Not everything that can be counted counts. Not everything that counts

can be counted. (Cameron, 1963, p. 13)

Scienti�c knowledge has elevated status in contemporary western society. This

privilege has not been earned through, and does not rely on, neutrality and free-

dom from external in�uences. Scienti�c research is, and always has been, deeply

connected to the principles, priorities and prejudices that produce it (see Living-

stone, 2003). Rather, science earns its privilege through ideals of empiricism, open-

ness and freedom of debate. Within the con�nes of a clearly delineated theoret-

ical context, discrete, carefully de�ned systems can be examined using transpar-

ent methodologies to produce data which, upon interrogation and suitable replic-

ation, might be reliable within their given frame of reference. Quanti�cation is

essential to contemporary geomorphology, but can also act to obscure the contex-

tual nature of geomorphic knowledge. E�ectively using scienti�c information in

environmental decision-making requires understanding the spatial and temporal

limitations of these framings.

Commonly constructed and practised as a science (e.g. Rhoads and Thorn, 1996b),

geomorphology bene�ts from the associated privilege. Narratives of ‘higher sci-

ence’ are engaged to lend legitimacy to – and gain funding for – positivist aspects

of the discipline (described by Massey, 1999; Sack, 1992) epitomised by the 1950s

shift towards Earth scientists addressing ‘modern’ problems within narrow spatio-

temporal limits (Schumm and Lichty, 1965). Criticisms of scienti�c practices in

geomorphology and physical geography as ill-de�ned and implicit (Ashmore, 2015;

Castree, 2005a) suggest, however, that these advantages cannot be taken for gran-

ted.

Quanti�cation is an integral component of geomorphology’s construction as

a science. Asserting a measured value advances an unequivocal position which,
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given suitable scienti�c frameworks, can be compared and contrasted with ex-

isting knowledge (theory) and tested for representativeness and replicability (c.f.

Richards and Cli�ord, 2011). Perhaps because of this potential for rigour, measur-

ing something makes it ‘known’, providing a sense of surety, of accuracy and of sci-

enti�c credibility. To borrow from comedian Stephen Colbert, measurement brings

a sense of ‘truthiness’: the feeling that particular information is inherently valuable

and a trustworthy basis for decision-making (Colbert et al., 2005). Doing measure-

ment is not necessarily doing science, however (e.g. Brown et al., 2013), and, as

many examples from the ‘softer’ sciences have shown, con�ating measurement

with knowing can be misleading. This ‘truthiness’ might encourage potentially

misleading con�dence in quantitative understandings of landscapes produced or

applied without due regard for context.

At the simplest level, river channels are shaped by the transport of sediment

by water. Perfect information about that sediment, and the �ow of water around

it, could in principle be used to produce mechanistic understandings of the en-

trainment and deposition of individual particles. In practice, however, it is rarely

possible to draw upon such data, so analyses typically rely on statistical models

and approximations. Even a mechanistic understanding at �ner scales would likely

o�er only limited insight at broader scales of enquiry, such as the reach or catch-

ment, where the imprints of contingency appear to dominate process-form inter-

actions (Church, 1996). The resulting river behaviour has been described as emer-

gent or complex (Harrison, 2001), although these words have diverse and contested

meanings (e.g. Harrison et al., 2006). Challenges faced in addressing these concerns

might be productively understood as a problem of closure, wherein our inability

to isolate and capture all potentially relevant information about �uvial systems

regularly leads to unexpected outcomes. Morphological conditions and paramet-

ers might be unknown, rapidly changing, or operating at scales incompatible with

our investigations, threatening bottom-up attempts to understand rivers from fun-

damental laws (see Lane, 2001). The precision of measurement and the con�dent

language of classi�cation, with its clear, stable categories, belie a messy world.

When we cannot measure everything, what we measure re�ects what we think

is important. While these decisions are generally justi�ed on scienti�c and theoret-

ical bases they are also made within, and in�uenced by, a range of social, political,



5.3 analysing river diversity 61

personal and institutional contexts. Even when disputed (e.g. Lave, 2014b), these

inadvertently value-laden and political decisions can, over time, be fossilised into

the canon that informs standard, placeless, apparently objective research and man-

agement practice. Might desires for geomorphology to be seen as a legitimate sci-

ence (e.g. Strahler, 1952) have inhibited broader re�exivity, for fear of admitting

weakness? Focussing on particular measurable phenomena limits the possibilities

for seeing and interacting with the world, with real implications for places and for

people. This is manifest in the description and analysis of river form, with poten-

tial repercussions for the assessment and management of geodiversity (see Gray,

2004).

5.3 analysing river diversity: what do you measure?

As river management priorities have increasingly emphasised sustainable man-

agement and improved ecological condition (Downs and Gregory, 2004; Hillman,

2009), their focus has increasingly shifted towards the importance of maintaining

a broad range of physical habitat, both as a fundamental building block of ecolo-

gical health and as a river management goal in its own right. The resulting need to

assess and communicate river diversity, process and evolutionary trajectory leads

us towards a new question: how do we measure them? What we choose to monitor

and assess makes possible particular management outcomes and shapes environ-

mental trajectories (Bouleau, 2014). What these measures should be is therefore

both a scienti�c question and a political one, demanding broader recognition of

the social contexts and implications of these decisions (see Ashmore, 2015).

The multiple, tangled connections shaping geomorphic systems make capturing

all potentially relevant aspects of a system implausible: we must decide what we

measure, and what we do not. Even the simplest choices, backed by the �rmest

scienti�c frameworks, are in�uenced by a ‘mangle’ (after Pickering, 1995) of con-

textual factors. These decisions re�ect the knowledges, experiences, mind-sets and

motivations of the researchers involved (Roper et al., 2008, 2010). They are in�u-

enced by the theory we employ, the language we use and the conceptual models

and tools we have available to analyse and interpret the world (Rhoads and Thorn,

1996a). They also depend on the institutional settings within which we work, the
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socio-political framing of our projects, and the values they represent (Tadaki et

al., 2014). Over time the interactions, feedbacks and contestations between know-

ledge, people and place work to ‘co-produce’ science, society and the physical

world (Ashmore, 2015; Bouleau, 2014). Acts of measurement therefore instil and

embed particular sets of values and associations into the landscape. This might

occur through focussing on particular scales of enquiry (Church, 1996), through

privileging ‘ideal’, stable forms (Kondolf, 2006) over the processes shaping them

(Bu�ngton and Montgomery, 2013), or through insisting on prescriptively framed,

measurable classes rather than open-ended sets of guiding principles framed as ar-

chetypes (e.g. Brierley et al., 2013; Tadaki et al., 2014).

A simple example of the challenges inherent to describing and understanding

river geodiversity through classi�cation is presented in Figure 5.1. Identifying and

naming particular morphologies sets normative expectations as to how the river

‘should’ be, and how it should or should not change over time. If the river sub-

sequently begins to adjust, whatever the cause, perceptions of environmental de-

gradation may seem to justify particular interventions in the river or surrounding

land use, removing features (e.g. Kondolf, 1995) or even people (e.g. Blue, 2011; Yeh,

2013) that ‘do not belong’. Rather than protecting geodiversity, such interventions

might inadvertently, and ironically, act to restrict it to particular sets of named or

easily measured variants.

Exploring and negotiating relationships between science and society, between

politics and practice, is integral to contemporary geomorphology. Measuring the

right things, in the right places at the right times and for the right reasons presents

ongoing scienti�c, technical and ethical challenges. Geomorphology’s history of

critically assessing claims to knowledge, exempli�ed by the rich discussions re-

garding morphological classi�cation (see Bu�ngton and Montgomery, 2013), sug-

gests a robust capacity for this. The slow uptake of critiques of river management

in the USA, however, limiting their in�uence on practice (Lave, 2014b), suggests

that these discussions need to be more proactive, and much more explicit, than

in the past. Might critical physical geography foster and expand these critiques,

more e�ectively engaging with geomorphology’s role in shaping the world? In-

creased attention to what we measure, how we name the world and why, might be

an important step in the right direction (see Richards and Cli�ord, 2011).
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Figure 5.1: How do you measure river geodiversity? What attributes do you measure, and

why? The Upper Yellow River at Dari in western China has a transitional form

between braided and anastomosing (or anabranching) morphologies (Blue et al.,

2013; Lewin and Ashworth, 2014). Braided and anastomosing rivers have di�er-

ent process associations, yet here elements of each are found within the same

reach. The ‘transitional’ label recognises that not all rivers �t within ‘normal’

classi�cation boundaries, and is applied to avoid inappropriate management in-

terventions based on particular expectations of river character and behaviour.

Labelling a river reach as ‘transitional’ may, however, also de-legitimise poten-

tially important variants of geodiversity by evoking change, in space or time,

towards a ‘proper’ type of river.
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5.4 prospects for a critical geomorphology

Appropriately contextualised knowledge is essential to understanding and living

in a complicated, contingent world. As increasing attention focuses on the funda-

mental role of humans in changing the earth’s surface, and we debate the ‘Anthro-

pocene’ and the possibilities for doing environmental change research di�erently

(Castree, 2015a; Castree et al., 2014), it becomes more apparent that our under-

standing of landscape is, itself, an essential part of that context. We contend that

critical physical geography might be one way of opening up space for substantive

debate within geomorphology: exploring how environmental outcomes are shaped

by the questions we ask, the approaches we bring and the ways we describe them.

This might include reconsidering who gets to ask these questions, renewing and

extending geomorphology’s rich pluralistic traditions (see Jennings, 1973; Rhoads,

1999; Slaymaker, 1997) by encouraging diverse perspectives on what the key geo-

morphic questions might be. It might mean recognizing and respecting di�erent

ways of knowing the world: for di�erent people, di�erent places and di�erent pur-

poses (c.f. Wilcock et al., 2013).

Geomorphology has at times su�ered from a perceived disconnection between

theory and observed ‘reality’, prompting various discussions of theory’s role in

a discipline so concerned with place (see Baker and Twidale, 1991; Rhoads and

Thorn, 2011; Rhoads and Thorn, 1993). This “gap between the world as it is and

the world as we understand it” (Rhoads and Thorn, 1993, p. 303) is integral to pre-

dominant post-positivist scienti�c framings of geomorphology. As theory informs

the collection and interrogation of data, data may challenge theory by providing

evidence for its modi�cation or rejection. Ongoing e�orts to reconcile tensions

between contingent data and generalised theory are fundamental to advancing

geomorphic knowledge: without theory we would wander aimlessly between in-

congruent case studies without guidance as to appropriate methodologies or ana-

lyses to deploy. Theory may also play a restrictive role, however, limiting the ques-

tions we ask and the understandings we can produce. What we look for in the

landscape, and what we expect to �nd, in�uences what we see. In providing the

frameworks for the ‘plots’ of the Earth sciences, theory in�uences the stories we

tell (Phillips, 2012) and the data we gather. Theory is thus central to enquiry, but
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must at the same time be treated �exibly in the face of contradictory data. This is

integral to such a place-dependent subject concerned with un-boundable systems

in which unnoticed or unknown local contingencies might be key controls (see

Brierley et al., 2013; Phillips, 2007).

In recognising other ways of knowing, whether these be diverse sets and sources

of data, alternative theories or entirely di�erent frameworks of understanding, we

might �nd new and perhaps even old ways of addressing disconnections between

theory and place. Geomorphology has at times been accused of forsaking earlier

approaches to research in favour of ‘bandwagons’ arriving from other disciplines,

usually the ‘harder’ sciences (Jennings, 1973). These grand paradigms have brought

to geomorphology new ways of seeing the world, fresh approaches to old ques-

tions, and technical and methodological innovations. They have also regularly

been over-sold, however, from joyful heraldry of theory’s ostensible arrival (e.g.

Burton, 1963) to the most evangelical claims that complexity and chaos theory will

explain everything (see Sardar and Ravetz, 1994). Applied overzealously, they risk

neglecting local di�erence (c.f. Baker and Twidale, 1991) and potentially leaving

fruitful avenues of exploration underexplored in the “creative ahistoricism” (Sher-

man, 1996, p. 111) encouraged by processes of fashion (e.g. Sack, 1992). We hope

that critical physical geography will not simply supplant these with a bandwagon

from the ‘softer’ side, but act to bring fresh energy to questions of how we might

know, and act in, the world di�erently.

In this spirit of pluralism we are wary of attempting to de�ne what, exactly, crit-

ical physical geography should be (c.f. Lave et al., 2014) and exactly which ques-

tions it should bring to geomorphology. Delineating particular lines of inquiry,

avoiding ‘collisions’ between them (Demeritt, 2009), risks playing into the very

tendencies we are attempting to disrupt. We therefore simply hope that critical

physical geography engages directly and constructively with research and man-

agement practice, and its ethical implications. This includes questioning the roles

played by researchers, institutions and management in mediating our understand-

ing of the environment, helping us to move beyond ‘mindless metrics’ towards

a more �exible, more place-sensitive and more re�exive physical geography. It

might also involve greater bottom-up engagement in research processes, recog-

nising people’s ability and right to actively lead and participate in investigations
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into questions concerning them (see Appadurai, 2006). The creative possibilities

for such opening-up of research processes to di�erent people with di�erent world-

views range from relatively instrumental redistributions of expertise in problem

identi�cation and solving (e.g. Landström et al., 2011; Lane et al., 2011; Rhoads et

al., 1999), to attempts to inspire alternative ways of relating with the world (e.g.

Suchet-Pearson et al., 2013; Wilcock et al., 2013).

If individuals and institutions are asked to abandon wholesale the practices they

are deeply invested in, dragging geomorphology through a ‘critical turn’ might

prove di�cult and slow. While the relationship between theory, place and prac-

tice in geomorphic enquiry has developed through much debate (e.g. Rhoads and

Thorn, 1996b), and discussions of uncertainty in classi�cation are prevalent in

methodologies of morphological mapping (e.g. Evans, 2012), within geomorpho-

logy these questions and critiques rarely extend to their social and political implic-

ations (c.f. Ashmore, 2015). If Chorley’s (1978) geomorphologist felt that theory

was best addressed with a soil auger, one wonders how she might face criticisms

involving power relations, colonialism, race and gender. The critical physical geo-

graphy we imagine would not seek the indiscriminate rejection of established per-

spectives and approaches, many of which have been established on good evidence

via thorough discussion (if amongst rather limited audiences). It would not require

that all geomorphologists refashion themselves as generalists transcending the so-

cial and natural sciences; nor would it claim to be the only answer to the questions

and problems we have raised here. We do, however, contend that the responsib-

ility lies with both geomorphologists and geographers to facilitate and engage in

respectful dialogues towards socially-situated, place-based, re�exive understand-

ings of landscapes (see Cli�ord, 2002). Interrogating what we measure, how, and

why, is an important step towards a constructive critical physical geography.

5.5 conclusion

Geomorphology has evolved pragmatically over time. Resulting practices embed

particular values, in�uencing the questions we ask, the ways we seek answers

and, as a consequence, the environmental outcomes we produce. Critique in geo-

morphology certainly pre-dates the existence of something called ‘critical physical
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geography’, but has generally been limited to ‘objective’ methodological or philo-

sophical discussions. An emergent critical physical geography presents signi�cant

opportunities for geomorphologists to engage with questions that regularly go un-

asked, and unanswered, in the Earth sciences. In particular it might bring fresh

energy to broader explorations of what we know, what we do not, who knows it

and why.

However scienti�c the approaches and methods of geomorphology, results will

inevitably be in�uenced by where and why they were produced, at what scales and

by whom. In a world without closure, consisting not of neat categories but multiple

continua of landforms (re)shaped by multiple processes across multiple scales, the

knowledge we produce is highly contextual. Engaging with this demands that we

explicitly address the limits to our claims of knowing, particularly as geomorphic

research may have substantial consequences for landscapes and those who live

in and interact with them. Critical physical geography might provide the energy

to engage with these questions constructively through a range of theoretical and

practical approaches. This could involve challenging the ways in which physical

geography is constructed and practised. It might also include doing it di�erently:

adopting more �exible, re�exive practices which explicitly acknowledge the vari-

ous contexts we are working within to maintain an appropriate sense of place and

purpose.
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Q U E S T I O N I N G I D E A L S

Growing awareness of the urgency of environmental problems has proven both a

blessing and a curse for physical geography. Interest in preventing ecological de-

cline has attracted substantial investment in improving ecological condition (e.g.

Bernhardt et al., 2005), driving demand for ‘actionable’ research capable of guid-

ing and monitoring intervention (Bernhardt et al., 2007). For a discipline which –

rightly or wrongly – takes pride in the production of objective knowledge about

the earth’s surface, this has blurred the boundaries between science and politics.

Geomorphologists do not simply ask how the landscape changes over time, but are

entangled in questions of how it should be.
1

The politics of whether to intervene in environmental problems generally re-

ceives more attention than the politics of how to intervene in them. Questions of

whether to act – to prevent or repair environmental impacts – are noisy matters

of public protest and discussion, often understood as battlegrounds between the

interests of capital and conservation. Although debate might �are when particu-

lar standards are adjusted, especially if changes are perceived to serve political

interests (e.g. Gudsell and Bramwell, 2017; McCulloch, 2017), the speci�cs of envir-

onmental outcomes and the means of achieving them are generally understood to

present technical rather than political challenges.

This separation, of the willingness to act from the question of how to do it,

creates space for a ‘quieter’ politics of environmental knowledge. I use the word

quieter to describe political action which might not easily be recognised as such;

previous authors have applied it to a variety of examples, from the informal in�u-

1 Of course, some would assert that this is nothing new: that all knowledge is political and contex-

tual. Support for this position could be drawn from evidence that science has a geography (e.g.

Livingstone, 2003), and that environmental knowledge is entwined with politics and power (Bry-

ant, 1998; Lave et al., 2014). These arguments have proven generative across a range of �elds. While

I have some sympathy for many such accounts, they are by no means universally accepted (see e.g.

Sokal and Bricmont, 2004). Regardless, resolving these debates is not necessary for my purposes.

The ontological status of truth is not at stake here; rather the ways in which we create and apply

knowledge about the world to intervene in it.

71
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ence of corporate lobbying (Culpepper, 2011), to the potential power of mundane

activism, intimacy or guanxi to bring about change (Askins, 2015; Zhou and White,

1995). This quieter politics in�uences outcomes as environmental issues settle: as

the need to act is broadly accepted and the technical work of doing it begins.

Much of this quiet politics is embedded within the tools used to understand and

administer environmental change. These technologies are generally understood as

apolitical, pragmatic solutions to problems identi�ed by society. In practice, how-

ever, these tools do not simply solve already-existing problems but in�uence how

they are seen, making particular elements of the landscape visible to management

regimes as problems in need of solving (see e.g. Bouleau, 2014). The decisions em-

bedded in these frameworks, indicators and interventions represent a quiet politics

of entangled institutional imperatives, the interests of capital and committed indi-

viduals. These interests might be presented through the technical, disinterested

language of scienti�c expertise (see e.g. Bouleau et al., 2009; Lave, Doyle et al.,

2010; Lave, 2014b), but they regularly rely on – and reproduce – particular sets of

ideals regarding how the environment should be. These ideals represent particular

‘common sense’ understandings of how the environment should be: visions of a

better world which are highly culturally speci�c, but which seem so self-evident

that they are largely beyond debate (c.f. Crehan, 2016; Rosenfeld, 2011).

6.1 intervening in a changing world

Early conservation e�orts were often justi�ed as the protection of ‘wilderness’

from the destructive actions of people. Fencing o� ‘nature’ for its own good would

protect it, while also providing valuable recreation opportunities in parks and wild-

life reserves established on otherwise ‘worthless lands’ (see Callicott and Nelson,

1998). By the 1990s, however, these ‘fortress conservation’ e�orts (Adams and

Hulme, 2001) were increasingly challenged from multiple sides. They were criti-

cised for poor conservation outcomes as a focus on recreation and scenic value,

rather than ecological merit, encouraged only the protection of fragmented, un-

representative habitat (Foreman, 1995). They were challenged on social justice

grounds, representing new forms of imperialism which thrust western ideals of

wilderness upon colonised peoples for the pleasure of the privileged (Guha, 1989;
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Neumann, 1997). They were also condemned for being prohibitively expensive to

maintain, especially for developing nations, leading to demands for rationalisation,

privatisation and the ‘wise use’ of park resources to improve cost-e�ectiveness (In-

amdar et al., 1999).

Alongside these more pragmatic re-evaluations of approaches to conservation

came a set of more theoretical, social constructionist critiques of notions of wil-

derness (c.f. Demeritt, 2002). Cronon (1996, p. 19) in particular questioned the idol-

isation of an imaginary ‘pristine’ nature existing only apart from human activity,

suggesting that little progress would be made on environmental issues as long as

“we hold up to ourselves, as the mirror of nature, a wilderness we ourselves can-

not inhabit”. Instead Cronon (1996, p. 22) celebrated the wildness which can lie

much closer to home, arguing for “The autonomy of non-human nature [as] an

indispensable corrective to human arrogance”.

But, with the centrepieces of world conservation e�orts under attack, and with

visions of pristine wilderness so troubled, how might we articulate what, of the

natural world, is worth caring for? Cronon’s emphasis on wildness, intimating a

lack of human control, did not gain immediate traction among those tasked with

managing the earth’s surface and, usually, keeping it in place.
2

Instead, these cri-

ticisms became part of an increased emphasis on participatory management in

an attempt to more e�ectively engage marginalised communities (e.g. Adams and

Hulme, 2001; Agrawal and Gibson, 1999). This saw environmentalism increasingly

framed within the broader concepts, or perhaps rhetorics, of ecological sustainab-

ility and sustainable development (O’Riordan, 2004; O’Riordan, 1999).

Concepts of sustainability, which emphasise the relationships between people

and nature, can be understood as a move towards a more functionalist approach to

thinking about the environment (see Callicott et al., 1999). Rather than attempting

to maintain ecosystems in a stable, natural state, functionalism prioritises main-

taining and enhancing the ecosystem processes which sustain life, and provide

valuable ‘ecosystem services’. In its stronger forms a functionalist approach might

disregard any sense of naturalness, focussing only on maintaining appropriate and

useful processes regardless of how that is achieved, or which assemblages of organ-

2 More recent movements toward ‘room for the river’ (Warner and Buuren, 2011), restoring process

(Beechie et al., 2010), or emphasising the ability of waterways to ’heal’ themselves (Kondolf, 2013)

perhaps at last begin to capture Cronon’s sense that non-human agency is inherently valuable.
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isms contribute to it. Moving beyond notions of wilderness in this way provides

a means of articulating the forms of value which can be ascribed even to highly

modi�ed, ‘novel’ ecosystems (Hobbs, 2016; Hobbs et al., 2014; Hobbs et al., 2009).

As narratives of the Anthropocene take hold (Castree, 2014), and ideals of un-

modi�ed ecosystems seem increasingly outdated, functionalist approaches poten-

tially provide a way of looking forward rather than focussing on ‘paradise lost’

(Dufour and Piégay, 2009; Robbins and Moore, 2013; Wohl, 2013b). Yet while an

emphasis on functionality might seem to provide a more objective basis for assess-

ing ecosystem condition in a changing world, one free of naïve sentimentality, it

still requires decisions regarding which processes are worth protecting or main-

taining, and where.

The most utilitarian response to this challenge has been to articulate the value

of ecosystem services performed by functioning ecosystems (Costanza et al., 1997;

Funtowicz and Ravetz, 1991; Turner and Daily, 2008). This explicitly anthropo-

centric approach aims to economically quantify environmental bene�ts, making

them visible to mechanisms of governance (Castree, 2011; Robertson, 2006) in order

to justify state investment in ‘natural assets’ (Bennett, 2002) or to support markets

for environmental protection and rehabilitation (Doyle and BenDor, 2011; Doyle et

al., 2015). These attempts to ascribe economic value to nature have been criticised

for a range of reasons, both ideological and material. Perhaps most pertinently

they bring a tendency to privilege and perpetuate the most readily quanti�able

qualities, neglecting less tangible forms of cultural and social signi�cance (Chan,

Guerry et al., 2012; Chan, Satter�eld et al., 2012).

To some extent, these concerns re�ect how an emphasis on apparent objectivity

may limit which – and whose – aspirations can be articulated (see Part III). They

also, however, embody a broader ‘precision problem’ (Hiers et al., 2016) whereby

a simplistic focus on generic, easily measured outcomes can homogenise diverse

values, meanings and realities. This proclivity is by no means exclusive to func-

tionalist approaches to management. Indeed, the functionalist emphasis on process

potentially mitigates these concerns by articulating the agentic potential of rivers:

emphasising their capacity to ‘heal themselves’ (Kondolf, 2013; see also Beechie

et al., 2010) might facilitate a shift beyond �xed ideas of what constitutes an ideal

river.
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The �nal intervention included in this thesis, What’s wrong with healthy rivers?,

explores the concept of river health as a potentially unifying basis for intervention

in freshwater. The concept of health broadly �ts within a functionalist paradigm

(Callicott et al., 1999), but explicitly addresses both natural and human values. It

o�ers an opportunity to bring a broader appreciation of physical structure and

process alongside an emphasis on organisms and their habitat (Norris and Thoms,

1999). It has the potential to assert a broader social mandate for freshwater, looking

beyond �xed concepts of naturalness while maintaining a sense of context and

place (c.f. Ross et al., 1997). Chapter 7 explores the tensions between such a broad,

aspirational approach to wellbeing and the realities of putting it into practice. By

drawing attention to some of the contradictions represented by the now common-

sense concept of river health it asks that we reconsider, or at least be open to

reconsidering, what characteristics an ideal river might have.
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I N T E R V E N T I O N 3

W H AT ’ S W R O N G W I T H H E A L T H Y R I V E R S ?

7.1 introduction

Contemporary capitalist democracies have been accused of co-opting and depol-

iticising environmental ideals, stripping them of their transformative potential

(Swyngedouw, 2007). Attempts to make the world measurable are regularly implic-

ated in these processes, in which power disparities and exclusion persist (Holmes

and Cavanagh, 2016; Spink et al., 2010) and ‘pragmatism’ precludes possibilities

for change (Van Puymbroeck and Oosterlynck, 2014). Logics of ‘measurementality’

(Turnhout et al., 2014) seem to reduce the physical environment to sets of variables

which can be measured, modelled and optimised for common values (e.g. Tadaki

and Sinner, 2014), or perhaps just for sale. Yet e�orts to quantify the world usually

represent genuine attempts to understand it, and to guide positive interventions in

it. As ecologists wrestle with the ethics of intervention in the Anthropocene (e.g.

Robbins and Moore, 2013), geographers increasingly highlight the inseparability

of social, physical and biological processes (e.g. Ashmore, 2015; Emery et al., 2013;

Lave, 2014b, 2015). The trajectory of river health, from novel notion to mainstream

managerialism, demonstrates the challenges of renegotiating environmental ideals

in the face of changing physical, chemical, biological and social contexts.

Most would agree that improved river condition is a good thing. Less clear is

what, exactly, this means. The goals and scales of river management, and with

them the meaning of good condition, broadened through the 1990s with the rise

of ‘sustainable catchment management’ (see e.g. Brierley and Fryirs, 2008; Downs

and Gregory, 2004). Building upon the catchment framing of Chorley (1969) and

others, it was increasingly recognised that rivers might be best understood and

managed as connected entities (Falkenmark, 1981; Hillman et al., 2008; Mant et

al., 2016). After an initial emphasis on stability and �ood control using ‘softer’ en-

77
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gineering techniques, demand grew for a ‘whole-of-system science’ emphasising

ecological outcomes (see Hillman, 2009). Advocacy for river health attempted to

reframe management on this basis, reconceptualising rivers as not just networks of

habitats and organisms but living entities capable of experiencing variable states

of wellbeing.

But what does it mean for a river to be healthy? This question produced a mo-

ment of doubt, in which assumptions and ambiguities were laid bare as di�erent

narratives of wellbeing collided (see Chapman, 1992). Was a healthy river well

stocked with exotic game �sh, or should it contain a diverse array of native spe-

cies free of introduced predators? Would it be untouched by human activity, or

should it support the various demands of a vibrant local community? At a time

when steady-state ecologies were increasingly disputed (Zimmerer, 1994) and dual-

istic management paradigms emphasising either preservation or utility were being

challenged in favour of ‘sustainable development’ (Meyer, 1997; O’Riordan, 1999),

debates regarding river health highlighted the subjective, political nature of river

condition (see Ross et al., 1997).

These reservations did not deter attempts to quantify river health, producing

two key competing approaches. A functional approach, linked to ecological eco-

nomics, focused on ecosystem structure, function and resilience (Costanza and

Mageau, 1999). The other, emerging more directly from aquatic ecology, emphas-

ised the ‘integrity’ of unmodi�ed biotic assemblages (Karr, 1999). Crucially, both

of these models asserted scienti�c foundations and also claimed to represent the

social values associated with healthy rivers. Debate cooled with a special issue

of Freshwater Biology supporting the latter approach (Norris and Thoms, 1999),

and the meaning of river health largely congealed around measurable proxies for

naturalness.
1

Meanwhile, geomorphic approaches to river condition have shifted away from

stable natural reference conditions as a primary guiding ideal. Instead, pragmatic

steps toward ‘best achievable condition’ (e.g. Rinaldi et al., 2015) build on frame-

works emphasising local histories and trajectories of change to maximise morpho-

logical ‘quality’ (Brierley and Fryirs, 2005, 2016; Graf, 2001). Yet quality is in the

1 More recently, increased attention to ecosystem economics is producing something of a resurgence

in functional approaches to ecosystem health (Costanza, 2012, e.g.). River health more speci�cally,

however, remains generally understood in terms of compositional indices (O’Brien et al., 2016, see).
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eye of the beholder: much of this work relies on expert judgement of ‘appropriate’

character (e.g. Fryirs, 2015). Searching for a �rmer grounding, Wohl (2011) attemp-

ted to pin this nebulous concept down by linking it back to naturalness. De�nitions

of ‘good ecological quality’ for the European Water Framework Directive similarly

emphasise ‘natural’ hydromorphological reference conditions (Bouleau and Pont,

2015; Newson and Large, 2006). Dufour and Piégay (2009) take a rather di�erent

approach, emphasising human needs and values alongside ecological wellbeing;

they frame this in terms of river health.

Responding to calls for constructive intradisciplinary geographies that critically

examine how possibilities for the physical world are made (Ashmore, 2015; Blue

and Brierley, 2016; Castree et al., 2014; Lave et al., 2014; Tadaki, 2016; Tadaki et al.,

2012), here I take seriously the notion that the world is shaped by the questions

we ask of it. Tracing the (re)de�nition of river health in the anglophone academy,

from a holistic but hazy ethic of environmental care to speci�c sets of indicators

for intervention, I examine how ‘common-sense’ understandings of river condition

were �rst challenged by, and then incorporated within, the political and scienti�c

project of river health. I argue that the way river health was framed and made meas-

urable, as a compromise between naturalness on one hand and human values on

the other, overlooked an opportunity to articulate more inclusive understandings

of wellbeing. I conclude by considering possibilities for a revitalised river health;

one which integrates quantitative and qualitative understandings of landscape to

renegotiate what matters for freshwater.

7.2 the rise of river health

By the early 1980s, the extent and severity of human impacts on the environment

were becoming ever more apparent. These e�ects were concentrated in freshwater

systems: drastic morphological change threatened habitat (Gregory, 2006), water

pollution jeopardised human health (Falkenmark, 1990) and biodiversity loss was

widespread (Moyle and Leidy, 1992). Fragmented management reliant on predict-

ive understandings of small-scale physical interactions had struggled to prevent

or remediate problems (Hillman and Brierley, 2005), and treating management as

a purely technical process had further disconnected communities from waterways
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(Spink et al., 2010). A new, more integrated approach to river management seemed

increasingly necessary.

Demand was growing to do something about river condition, but tools to sup-

port intervention were unavailable or inaccessible (Lave, Doyle et al., 2010). River

engineering had long focused on creating stable channels capable of moving wa-

ter to the sea as e�ciently as possible, and was unprepared for these radically

di�erent design requirements. Sets of guidelines for more ‘natural’ stream restor-

ation emerged to �ll this vacuum, including the controversial Natural Channel

Design (NCD) in the USA (Lave, Doyle et al., 2010; Lave, 2014b). Rosgen’s (1994)

approach promised to achieve the long-standing hazard prevention goals of river

management, while also promising to restore ‘good’ ecological condition. This

meant ‘softer’ engineering aiming to meet hazard prevention goals while mim-

icking ‘natural’ habitat. Though utilising wood and rocks instead of concrete and

steel, the underlying premise of control remained (Kondolf et al., 2001). These at-

tempts to create ecosystems by emulating habitat often failed to meet expectations,

particularly for improved biodiversity (Palmer et al., 2010).

Around the same time, the cornerstone principles of conservation ecology were

becoming more di�cult to defend (Callicott, 1992). Theoretical and physical at-

tempts to separate people from nature were increasingly criticised (see Castree,

2005b, for a comprehensive introduction). Ideals of stable, ‘pristine’ wilderness

were criticised as Eurocentric �ights of fancy counterproductive to environmental

interests (Cronon, 1996) and implicated in the colonial disenfranchisement of in-

digenous peoples (e.g. Guha, 1989; Spence, 1999). Growing awareness of global

climate change emphasised the all-encompassing impacts of human activity, and

�ourishing exotic organisms demanded increasingly active management of protec-

ted spaces and species (e.g. Clout and Saunders, 1995). A �xed idea of nature was

no longer tenable, and a new ethic of environmental care was required: “ecosystem

health to the rescue!” (Callicott, 1992, p. 47).

By the 1980s, ecologists had begun to apply medicalised language to describe

ecosystem responses to external pressures (e.g. Rapport et al., 1985, 1981). These

interventions recognised that health was not a property that ecosystems could ex-

hibit per se (Rapport, 1989). Rather, for these authors, health was a conceptual and

rhetorical device presenting a normative call for action to prevent and remedy eco-
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logical degradation. It recognised the inseparability of humans from nature, and

argued that these interactions could not be dealt with in isolation. As a ‘functional-

ist’ approach to conservation (Callicott et al., 1999), ecosystem health encouraged

treating causes rather than symptoms of degradation, and recognised that change

is not necessarily detrimental (e.g. Brierley et al., 2008). It endeavoured to shift man-

agement practices beyond individual values and short term goals, towards more

the holistic approaches advocated much earlier by Aldo Leopold (e.g. 1949).

The concept of health seemed to o�er a broader, less anthropocentric basis for

river management. It both challenged a perceived focus on physical form in river

restoration (see Palmer et al., 2010; Simon et al., 2007), and apparently enabled

a more progressive environmentalism as ideals of wilderness came increasingly

under question (see e.g. Castree, 2003). It suggested that we could improve fresh-

water systems by healing the physical, chemical, biological and social factors ail-

ing them, rather than focussing on physical characteristics or charismatic species

alone. River health promised a fundamental, all-encompassing ideal with popular

appeal.

7.3 what’s in a name?

Despite this appeal – or perhaps because of it – the meaning and appropriateness

of river health were always contested (see e.g. Shrader-Frechette, 1994). This partly

re�ected broader debates about the role of politics in science, and the nature of sci-

enti�c knowledge. For those keen to assert ecology’s scienti�c status the explicitly

subjective nature of health, and the fact that it was not directly observable, pro-

duced a dangerous level of ambiguity (e.g. Scrimgeour and Wicklum, 1996; Suter,

1993; Wicklum and Davies, 1995). Responses to this critique developed along two

lines: that the strength of river health was as a broad, aspirational vision further-

ing a political (rather than scienti�c) project intent on changing the relationships

between society and freshwater (e.g. Elosegi et al., 2017; Fairweather, 1999), or

that it could be quanti�ed to provide a more literal, tangible basis for science and

management (see e.g. Norris and Thoms, 1999).
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7.3.1 Meaningful metaphor?

Consistent across most approaches to river health was an acknowledgement that

it meant more than simply biophysical condition: that a stream was not just the

product of its physical valley, but of its ‘societal watershed’ (Hynes, 1975; Meyer,

1997). This highlighted an opportunity for intervention: perhaps an ethic of river

health could shape attitudes and approaches to freshwater, in�uencing the inter-

actions between society and streams. As an easily understood metaphor, “packed

with shared meaning and normative direction” (Ross et al., 1997, p. 122), river

health might convince people that waterways were worth looking after, and it

might provide the framework for a river science better suited to understanding

relationships between freshwater ecosystems and human activity. This meant un-

derstanding not only physical and biological processes, but social and economic

interactions with waterways.

This broad approach accepted that healthiness was not an objective property,

but argued that this did not matter. River health was as much a political tool as a

scienti�c one, and it could play a signi�cant role in in�uencing public discourse

regardless of de�nition (Chapman, 1992). The value of river health was in framing

the vocabulary of river science and management, in�uencing interactions with

freshwater by providing an overarching theme for conservation and rehabilitation

e�orts. Indeed attempts to de�ne river health might detract from its generative

potential, limiting its scope to what was measurable and presenting a misleading

sense of objectivity. Instead, river health o�ered a �exible foundation for place-

speci�c aspirational visions of what rivers could, and should, become.

River health was, then, partly a call to action for communities who might oth-

erwise not engage with their local waterways. It incorporated not only physical

and ecological attributes, but the wellbeing of those living nearby. Many of these

themes later developed into a paradigm of direct public engagement with fresh-

water through volunteer labour (e.g. Ellis and Waterton, 2004; Overdevest et al.,

2004),
2

various forms of participatory governance (see Cook et al., 2013; Gregory

et al., 2011), and the democratisation of knowledge (e.g. Lane et al., 2011; Whitman

2 Of course, this shift towards volunteerism also represented a pragmatic response to insu�cient

government funding.
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et al., 2015). To support e�ective public engagement with freshwater, and to pro-

duce more socially just outcomes, many advocates of river health hoped to change

the way river science was carried out. They spoke of more holistic approaches

to understanding rivers than the ‘reductionist’, small-scale approaches dominant

since the quantitative revolution. Ross and colleagues (1997, p. 116), for example,

called for “a postmodern ecology which emphasizes, among other things, complex-

ity and a holism that necessarily includes humanity in the study of nature.” Rais-

ing the spectre of the science wars with such language may be of doubtful bene�t

today, but the need for more inclusive and socially aware river science persists.

7.3.2 From metaphor to metric

Many of the most vocal advocates recognised the utility of river health in advan-

cing an ecological agenda for freshwater but also wanted to pin it down, ‘opera-

tionalising’ it into “more than just a rhetorical tool” (Boulton, 1999, p. 469). River

health might o�er not just an aspirational goal for how rivers might one day be,

but could provide ways of understanding, measuring and comparing the changing

state of waterways. As health is not a property which can be measured directly,

in practice this meant using indicators to evaluate and compare rivers. Despite

general acknowledgement that river health is more than simply a biophysical prop-

erty – that it inherently incorporates human norms and expectations (see Hull and

Robertson, 2000) – most attempts to capture it avoided directly questioning what

those values might be. Instead, two key approaches to river health emerged: the

�rst focused around functional ecological principles, and the second emphasising

proxies for naturalness.

Searching for a theoretical basis for health, Costanza and colleagues argued that

healthy ecosystems must be capable of maintaining structure and function in the

face of stress (Costanza, 1992; Costanza and Mageau, 1999; Haskell et al., 1992;

Mageau et al., 1995). They presented health as the “comprehensive, multiscale, dy-

namic, hierarchical” product of the ecological principles of organisation, vigour

and resilience (Costanza and Mageau, 1999, p. 106). Yet while many apparently

healthy ecosystems might certainly have these characteristics, they are also subject

to a number of contradictions. Not all ecosystems with low diversity are in poor
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condition, metabolic measures of function might misleadingly favour nutrient-rich

systems, and resilience privileges the status quo (Karr, 1999). Nor is it clear that

more natural systems are, in fact, more stable (Pimm, 1984). Such principles may

have value, and may be easily measurable, but are insu�cient to encompass the

multiple and diverse ways freshwater matters in di�erent places, at di�erent times

and for di�erent people (c.f. Blue and Brierley, 2016).

A popular array of more pragmatically minded approaches to river condition

build on Karr’s (1981) indices of biotic integrity (IBI). These initially used �sh as-

semblages as integrative biological indicators, but have since been expanded to

include a range of metrics such as macroinvertebrates, hydrology and riparian ve-

getation (Ladson et al., 1999), diatoms (Chessman et al., 1999), water quality (e.g.

Hart et al., 1999) and physical habitat (Chessman et al., 2006; Maddock, 1999). Mul-

tivariate indices emerging from this work continue to be developed to support

river management, and have become largely synonymous with good condition in

a wide range of contexts (Beck and Hatch, 2009; Bunn et al., 2010; Ruaro and Gu-

biani, 2013; Vollmer et al., 2016; Vugteveen et al., 2006).

7.4 naturalness: just common sense?

Understanding and intervening in the pressures facing freshwater requires monit-

oring river condition (Bernhardt et al., 2005; Bunn et al., 2010; Morandi et al., 2014;

Palmer et al., 2005). Such monitoring, however, is more than the passive collection

of data: feedbacks between measurement and intervention shape what is possible.

Monitoring mediates interactions between people and freshwater as management

e�orts concentrate on particular indicators, and individuals and institutions are

held accountable for them (Bouleau, 2014). This, of course, is a feature rather than

a bug: making certain attributes measurable encourages e�ort and resources to be

allocated to improving them, or at least preventing their decline. It also allows us to

learn which actions enhance particular attributes, and intervene more e�ectively

towards desirable ends. Making river health a measurable attribute, emphasising

the concept of integrity, allowed it to meet the growing demand for tools of fresh-

water governance.
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IBIs prioritise a natural ideal for freshwater through their focus on integrity as

“the product of evolutionary and biogeographic processes with minimal in�uence

from modern human society” (Karr, 1999, p. 223). Undisturbed states provide an

ostensibly objective hook on which environmentalists can hang their hats while

dealing with people’s �ckle preferences and needs. If we can ascertain how rivers

were before humans interfered with them, it might provide a �rm foundation from

which to negotiate their restoration. Integrity allows river health to be reframed

as primarily a technical challenge: a set of design and implementation challenges

working towards an apparently objective, common-sense ideal. Yet, it still relies

on a sense that we know a healthy river when we see one: the representations of

naturalness we rely on are partly acts of imagination and assumption.

7.4.1 Which nature?

As our ability to understand and model past environmental conditions grows, our

perceptions of what is natural are increasingly challenged. What might appear to

be stable ‘climax’ ecosystems or landforms are often simply points along pathways

of evolution and human in�uence (Montgomery, 2008; Wilmshurst et al., 2014).

Historical trajectories are integral to understanding what is physically and bio-

logically possible for particular waterways (Brierley and Fryirs, 2016), but previ-

ous and indeed present regimes present a multitude of potentially desirable states

and behaviours (Balaguer et al., 2014). Whichever point in the stratigraphic record

eventually bounds the Anthropocene (Brown et al., 2017; Castree, 2014; Lewis and

Maslin, 2015), identifying good condition is more than a matter of reaching bey-

ond a particular moment of human intervention. Healthy rivers cannot simply be

plucked from an undisturbed past, but must be negotiated from a range of potential

possibilities (see Stoddard et al., 2006). Which baseline do we choose?

This question can have signi�cant conservation and ethical implications, espe-

cially where extended histories of human occupation have had marked e�ects on

the landscape. China’s recently formed Sanjiangyuan National Nature Reserve, for

example, foregrounds the ecological values of the Qinghai-Tibetan Plateau (Li et al.,

2012). While reports of controls on river morphology have emphasised the role of

temperature gradients in controlling vegetation-stream responses on the Plateau
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(Li et al., 2016; Yu et al., 2014), these relationships exist in a context of up to 8800

years of grazing by nomadic Tibetan herders (Miehe et al., 2008, 2009). A focus on

conserving the region’s naturalness, made explicit in the Reserve’s name, along

with concerns for soil loss and river sedimentation, drove e�orts to concentrate

herders into �xed settlements after grassland degradation was linked to changes

in pastoral regime (Xin, 2008). By idealising a �xed concept of naturalness such

e�orts not only impact herder livelihoods and neglect cultural values within that

landscape, but disrupt ecosystems which have adjusted to a long history of hu-

man in�uence. Even if restoration to pre-human condition was possible for the

Qinghai-Tibetan Plateau, surely this could not be straightforwardly regarded as

an improvement in condition.

This assumption of an identi�able, inherently good naturalness re�ects the short-

comings of overlaying global values onto local issues. Centralising particular vis-

ions of apparently untouched nature within a quanti�able river health privileges

certain forms of value and precludes others. Carefully constructed at local scales,

records of past environments can indicate potential outcomes of rehabilitation

measures while acknowledging biophysical context and historical legacy (see Higgs

et al., 2014). Narratives of wilderness, however, risk embedding value judgements

into the landscape. As Bouleau and Pont (2015) discuss in the context of the Water

Framework Directive, designations of apparently natural reference conditions are

often a product of preconceptions, politics and pragmatism rather than coherent

theoretical foundations. Treating river health as a technical problem, as a question

of compromise from a set of innate natural values, can limit the ways freshwater

is able to matter. Better to debate these in�uences in the open, rather than hide

them behind false notions of wilderness.

7.4.2 Pets, pests, or pristine?

In practice, despite its focus on naturalness, the paradigm of river health has al-

lowed certain non-‘pristine’ values to persist. Making space in this way requires

certain kinds of charisma, however, which only a limited range of causes can draw

on. Introduced from the late 1800s, rainbow and brown trout have colonised many

waterways in Aotearoa (Walrond, 2008). While they were introduced by European
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settlers, and they eat and out-compete an array of native species (McDowall, 2003),

trout have become embedded into discourses of naturalness for these rivers. As in

North America (e.g. Wheaton et al., 2004), they have become important actors in

framing debates on river health. They are integral to habitat-focused rehabilitation,

and the protection of salmonid habitat has been instrumental in justifying min-

imum �ow regulations which have maintained internationally signi�cant braided

rivers (see Mosley, 1983). They are regularly included in IBIs as positive indicators

of river condition (e.g. Joy, 2007), and enjoy speci�c protection in environmental

law.

One might “wonder by what obscure contingencies of lobbying in corridors of

power [trout and salmon] came to have this hallowed status of being mentioned

by name” in legislation (O’Connor, 1994, p. 254). These charismatic, hard-�ghting

sport �sh have attracted a vocal following of local �shers. They also earn their pro-

tection as the basis of a signi�cant tourism industry attracting ‘high-value’ inter-

national visitors seeking a pristine backcountry experience (Walrond, 2007). This

cultural and economic value led in 1990 to the creation of a public entity, Fish and

Game New Zealand, partly devoted to their propagation and protection.

But what of the native freshwater �sh species which trout eat and out-compete?

Habitat loss, predation and competition has led 75% of these species to be con-

sidered at risk (Goodman et al., 2014). Concern for Aotearoa’s mostly small, unob-

trusive indigenous �sh has gradually risen since the 1960s (see McDowall, 2003),

but it has not reached the levels of enthusiasm and in�uence inspired by trout

and salmon. Certain native species – the various migratory galaxiids commonly

known as whitebait – have inspired limited conservation e�orts by earning value

as ingredients in a fritter (Haggerty, 2007). While trout are legally protected and

actively restocked, however, whitebait comprise one of the least regulated �sheries

in Aotearoa with no catch limits or restrictions on sale.

Trout represent a fundamental paradox of river health. On one hand, with their

outspoken public support, their reliance on morphologically dynamic streams and

their need for clean water, thriving trout populations provide the perfect ambas-

sadors for the rivers of Aotearoa. They represent important cultural and economic

values for sport and food, and provide a popular justi�cation for protecting water-

ways. On the other hand trout physically dominate an array of native �sh species,
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contributing to their threatened status (Flecker and Townsend, 1994). Rather than

treating this contradiction as a question open for negotiation, however, an em-

phasis on particular metrics has overlooked the impact of exotic predatory �sh on

indigenous assemblages (Hermoso and Clavero, 2013). The con�ation of trout with

natural rivers has made them an apparently unmitigated, common-sense good, lim-

iting recognition of their impact and precluding alternative visions for healthy

rivers in Aotearoa. Trout may now belong in many of these waterways (Steer,

2016), but they might also make some space for other species.

7.5 discussion

River health represented an attempt to change the world through knowing it dif-

ferently: an intervention in the science, politics and practice of river management.

Advocates opened up the question of how freshwater could and should be, hop-

ing to establish more ecologically focused norms for science and management (c.f.

Bouleau, 2014; Linton and Budds, 2014). To a signi�cant extent, this normative

project was successful: indices for health became central to the repertoire of river

management, framing aspirations for freshwater worldwide. Integral to the main-

streaming of river health, however, was the loss of much of its transformative po-

tential. The meaning of river health was pinned down, tied to limited sets of proxies

privileging particular understandings and representations of value in freshwater.

The drive towards an apparently objective, quanti�ed river health is consistent

with the increasing role of metrics in contemporary western governance. Faith in

experts has been replaced by trust in datasets, as fear of bias encourages demands

for transparency, replicability and falsi�ability (Porter, 1995; Turnhout et al., 2014).

As the marketisation of environmental mitigation and rehabilitation continues, ef-

fective monitoring, accounting and accountability become increasingly obligatory

(Lave, Doyle et al., 2010; Womble and Doyle, 2012). In principle, this shift from

authority to observation might be commendable as part of a shift towards demo-

cratising governance. As demonstrated by the rise of Rosgen’s NCD framework

in spite of substantial scienti�c criticism, however, political and institutional de-

mands for clear, simple and defensible decision-making can overshadow questions

of suitability (Lave, Doyle et al., 2010; Lave, 2014b). While narrow representations
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of wellbeing might suit managerial imperatives, they also obscure complexities and

contradictions beneath “one number with a reassuring name” (Suter, 1993, p. 1533).

Perhaps the most fundamental property of river health – that it does not exist –

has not prevented it being made measurable. At a moment in which river condition

had become contested, as dissatisfaction with the outcomes of management inter-

ventions grew, an operationalised river health cooled the controversy (c.f. Callon,

1998; Donaldson et al., 2013) by o�ering an easily articulated, common-sense solu-

tion. The incorporation of conventional meanings and values, such as �xed ideals

of naturalness and the presence of large predatory �sh, eased the acceptance of

metrics for integrity as a pragmatic solution to a complicated problem (e.g. Karr,

1999). This quanti�cation of common-sense values facilitated the uptake of river

health, but also limited the kinds of change it could bring.

Tadaki and Sinner (2014) describe how attempts to give voice to the diverse

ways people value freshwater can unintentionally embed predominant depictions

of what matters. Unlike the intervention they describe, which endeavoured to

provide a neutral platform for already-existing values, river health was always an

explicitly normative project attempting to in�uence attitudes to freshwater. Like

their example, however, the array of potential meanings for river health was con-

strained by the perceived need to produce actionable understandings of freshwater.

Part of the job of an operationalised river health was to reproduce judgements

of what matters, making those aspects of freshwater more visible through quanti-

�cation. Rather than beginning with a fresh examination of what good condition

might mean, however, creating visions of a healthy river was largely approached

as a technical challenge. Based on the assumption that human in�uences could be

separated out to model an ecologically pure system, advocates designed sets of ref-

erence conditions representing more natural states. Prioritising naturalness in this

way overlooked long histories of entanglement between people and landscapes,

and failed to acknowledge the subjectivity of what is seen to be natural. Treating

river health as something which already existed, to be revealed simply by making

it measurable (c.f. Blue and Brierley, 2016), drew a veil over contested ideals and

neglected an opportunity to articulate di�erent possibilities for freshwater.
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7.5.1 A reimagined and revitalised river health?

In 2017 the Whanganui River, in Aotearoa, and the Ganges and Yamuna Rivers,

in India, became the �rst in the world to be granted the legal rights of ‘person-

hood’ (see Hutchison, 2014). The precise implications for these rivers are unclear,

and the politics of ‘rights for nature’ discourses remain unresolved (e.g. Rawson,

2015), but these moves to break down nature-human binaries could o�er an op-

portunity to juxtapose environmental wellbeing alongside ongoing discussions of

what it means for people to be healthy. This could draw attention to the social con-

text in which understandings of wellbeing are created, and in which questions of

desirability are contested (see Canguilhem, 1978; Hull and Robertson, 2000). The

reimagined and revitalised river health which could result might provide the basis

for a broader re-examination of relationships between people and freshwater.

A reimagined river health might recognise that not everyone agrees on what a

healthy river looks like: that ‘good condition’ must be derived through negotiat-

ing contested and often contradictory visions. This might challenge the privilege

of placeless metrics, recognising that quantitative approaches do not have a mono-

poly on what matters. It does not simply mean exchanging them for an ad hoc local-

ism, however; rather it might emphasise the broader physical, biological and social

contexts of local problems (Brierley et al., 2013; Wilcock, 2013). By understanding

the social and physical processes shaping landscapes we might produce a clearer

picture of what alternatives are possible. This might incorporate understandings

of how landscapes could be without human in�uence (see e.g. Lyver et al., 2015),

but also of other potentially desirable states (see, for example, the nuanced and

contested visions for an urban river described by Holi�eld and Schuelke, 2015).

It might also challenge assumptions that the ability to shape the world confers

the right to do so, building, for example, on post-colonial and more-than-human

geographies (e.g. Thomas, 2015).

A revitalised river health could be place-based and dynamic, recognising the

contingent geographic relationships underpinning contemporary condition (see

Brierley et al., 2013) and emphasising the processes which continue to shape land-

scapes (see Beechie et al., 2010). Rather than relying on naturalness, a revitalised

river health might be framed as maintaining the character and agency of rivers as
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living entities. This begins to open possibilities for an ethics which recognises not

just the diverse ways in which people value freshwater, but that the physical world

deserves a voice beyond charisma-dependent forms of ‘intrinsic value’. It might

make use of metrics for understanding changes over time and place, but it would

also recognise that health cannot be encompassed or addressed through limited

sets of generic variables. It might mean renegotiating what matters, recognising

less easily articulated meanings and values. A revitalised river health might build

on, and nurture, scienti�c understandings of physical-ecological relationships to

provide a �rmer foundation for democratic, place-speci�c interventions in fresh-

water.

7.6 conclusion

The concept of river health arose at a time when the assumptions underpinning

conservation e�orts were increasingly contested. E�orts to fence nature o�, to

preserve pristine wilderness, were being superseded by attempts to more actively

develop sustainable relationships between people and the physical environment

beyond a dualistic emphasis on either utilisation or preservation (O’Riordan, 2004;

O’Riordan, 1999). As narratives of the Anthropocene take hold (Castree, 2014),

and ideals of unmodi�ed ecosystems seem increasingly outdated, functionalist ap-

proaches potentially provide a way of looking forward rather than focussing on

‘paradise lost’ (Dufour and Piégay, 2009; Robbins and Moore, 2013; Wohl, 2013b).

The concept of river health represented this reappraisal of environmental values

and norms, embodying a potentially broadened understanding of good condition

as a basis for intervention in freshwater. Yet, while the multifaceted and contest-

able connotations of health opened up possibilities for destabilising and renegoti-

ating the ideals of river management, broader and more dynamic accounts of its

meaning were soon �attened-down into common-sense, quanti�able understand-

ings of wellbeing. Debate in ecology continues over the relative merit of function-

alist versus compositionalist norms (see Callicott et al., 1999; Hobbs et al., 2009),

but remains primarily focused on providing ostensibly objective indicators with

which to control environmental outcomes (e.g. Costanza, 2012). It might be time for
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a broader, geographical re-examination of relationships possible between people

and freshwater.



Part V

W H E R E T O ?
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R E V I S I T I N G T H E M E A N I N G O F P L A C E

Understanding contemporary landscapes requires grappling with elements and

processes which are both deeply social and undeniably material. Geomorphic know-

ledge must therefore transgress boundaries between the human and the nonhu-

man, as well as between scienti�c knowledge and management practice. This thesis

works between these spaces to closely examine a set of key challenges facing pre-

dominant approaches to understanding landscape: the limitations of focusing on

small-scale controls without regard for broader context (Part II), the easily neg-

lected role of people and places in the production of knowledge about the world

(Part III), and the risks associated with creating and applying simplistic notions of

what is valuable (Part IV).

These challenges present a microcosm of broader debates which are playing

out across a range of disciplines, institutions and communities regarding how

we understand and approach not just environmental issues, but also more fun-

damental relationships between science and society. As scienti�c (and pseudo-

scienti�c) knowledge becomes further embedded in regional and global systems

of governance, and as scienti�c authority to explain the world is increasingly dis-

puted in ways it has not been before, these methodological and ethical questions

become increasingly urgent.

In essence, these debates centre around a modernist desire to generate and re-

�ne knowledge about the world with the aim, implicit or explicit, of making it

a better place. This desire, which in itself might be a perfectly reasonable one,

raises two key questions: to what extent can knowledge produced in one context

be generalised while maintaining its integrity, and how do we decide what a better

world might look like? Physical geographers have long been concerned with the

�rst question, with regionalists and Davisians in particular arguing against ‘gen-

eric’ process-based understandings of landscape in favour of approaches which

foreground the physical history of particular places (see Chapter 1). The second

95
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question, however, o�ers a more explictly political challenge: even given perfect

understanding and control over the world, on what basis might people decide how

it should be?

While these two questions are on the surface rather di�erent, one a question

for science and another for politics, they over�ow into each other. Beneath claims

of irreducable uncertainty in landscapes, for example, lies an implicit political po-

sition not just that this is how landscapes are, but that it is how they should be:

that their unpredictability, or wildness as Cronon (1996) puts it, is integral to their

value. This sense that individuality and mercuriality are in themselves important

features which should be embraced, rather than suppressed, has motivated vari-

ous attempts to assemble facts which emphasise the limitations of ‘reductionist’

understandings of landscape (e.g. Harrison, 2001; Phillips, 2007, 2010). Yet, as Mas-

sey (2006) points out, we cannot assume that our favoured reading of the facts will

always prevail: simply demonstrating the importance of physical history to the

existing characteristics of particular places is not, in itself, su�cient to produce

a progressive politics for freshwater. Instead, then, this thesis addresses both the

practice and the politics of geomorphology for river management to advance a

vision for a progressive, geographical geomorphology.

After an introduction outlining past debates over the role of historical context

in geomorphology, Part II of this thesis examines the headwaters of the Yellow

River through the lens of geodiversity. Highlighting the importance of the Qinghai-

Tibetan Plateau’s historical development in in�uencing the river’s contemporary

form, this section presents a positive vision for a river science which recognises

the value of the diverse landscapes that have been produced by this history. It

asserts that management of the Yellow River source zone should take greater ac-

count of the particular characteristics of the rivers which are there, rather than

prioritising preconceived notions of what those rivers should look like. It asserts

that facilitating this requires a di�erent approach to river science in the region: one

which emphasises the broad-scale morphological controls on these landscapes, un-

derstanding them as places with both pasts and futures. In doing so it broadens the

concept of geodiversity beyond simply preserving particular ‘natural’ features of

the landscape, acknowledging that these features are the product of long histor-
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ies of entangled physical and social processes which – along with their potential

futures – might be valuable in their own right.

Part III of this thesis more explicitly addresses the politics of geomorphic know-

ledge, directing the growing momentum behind ‘critical physical geography’ to-

wards a constructive discussion of the social and scienti�c underpinnings of geo-

morphic research and practice. It argues that the models we create of the world,

and the measures we choose to incorporate within them, re�ect our sense of what

matters. This sense of what matters is the product of past scienti�c endeavours, but

also of the values we bring to our work. This thesis therefore suggests that through

a closer examination of what we choose to measure, we might learn something

about ourselves. It does not suggest speci�c measures which should or should not

be used, as these will vary with circumstance. Rather, it encourages careful, open

consideration of the measures we choose to measure the physical environment,

especially in the context of management applications, as these choices will shape

not only environmental outcomes, but also social ones.

The questions raised in Part III are relevant to any discipline which makes claims

about the natural world as the basis for intervening in it. They are most pertinent,

however, for subjects in which e�ect sizes are both relatively weak, and are di�cult

to isolate from an array of potential environmental in�uences. Geomorphologists

have at times argued for the particular complexity of landscapes, but these condi-

tions are perhaps most apparent in the quantitative social sciences: psychology, for

example, has long grappled with the misuse of data to make deterministic claims

about human capacity and behaviour (see e.g. Gould, 1996), false objectivity in the

diagnosis of mental illness embedding sexism and homophobia (see Lafrance and

McKenzie-Mohr, 2013; Marecek and Gavey, 2013), and poor statistical practices af-

fected by con�rmation bias (Wagenmakers et al., 2011) producing results which do

not replicate (Open Science Collaboration, 2015). While these concerns have only

entered the mainstream relatively recently, and the response to them has primarily

comprised e�orts to improve methodological and statistical rigour, critical psycho-

logists have been critical of these practices, and the forms of common sense they

embed, for some time (e.g. Henriques et al., 1998).

It is one thing to claim that choice of management targets in�uences environ-

mental outcomes (e.g. Bouleau, 2014), with resulting impacts on the people who
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live in and interact with those places. It is more challenging to directly link these

temporally di�use and highly contextual e�ects to injustices caused by geomorphic

practice. The relatively small population of researchers motivated to point out in-

justices from within geomorphology can also make it di�cult to point to speci�c

instances of the problems intimated in Part III. Increasing evidence, however, sug-

gests that not only are women and people of colour underrepresented in the earth

and environmental sciences, but that those who do persist in the �eld continue to

face ‘chilly climates’ which inhibit participation (e.g. King et al., 2018). It is tempt-

ing to assume that increased diversity in the �eld will produce a discipline which is

more sensitive and more just, both internally and in its interactions with the world.

Yet, while a more diverse �eld is desirable in itself, it is only through recognising

the values and subjectivities embedded within our work, acknowledging them for

what they are, that the questions raised by this thesis might be addressed.

Part IV of this thesis presents an example of how values can be expressed through

measurement, moving beyond geomorphology to explore the trajectory of an at-

tempt to advance a di�erent politics for freshwater. It recounts the rise of river

health as a well-intended concept, following its transition from metaphor to metric.

It argues that the process of quantifying an otherwise intangible concept closed-o�

the question of what health means, embedding assumptions of what is desirable

in river management. These assumptions tend to re�ect ‘common sense’ accounts

of what is valuable, reproducing a paradoxical desire for rivers which are natural,

stable, and teeming with introduced �sh.

By challenging these accounts, and by drawing attention to these assumptions,

Part IV of the thesis provides a starting point for a broader public and academic

discussion of what a healthy river might look like for particular places, and for par-

ticular people. For rivers in Aotearoa such a discussion must be substantially driven

by Indigenous Māori understandings of environmental wellbeing (see Hikuroa,

2017; Ruru, 2018). Mātauranga Māori approaches to wai ora have much in com-

mon with the broadest understandings of river health, conceptualising rivers as

entire beings capable of experiencing variable states and emphasising connections

between people and freshwater rather than attempting to separate them (Brierley

et al., In Press; Hikuroa et al., In Press). E�orts to coproduce knowledge as the

basis for interacting with the Waipā River show particular promise, with the tani-
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wha Waiwaia explicitly identi�ed as a focal point for management e�orts, although

there remains some way to go in reconciling western and Indigenous knowledge

traditions in the context of the catchment (Parsons et al., 2017).

8.0.1 New directions

Attempts to understand relationships between people and the physical environ-

ment understandably tend to focus on the negative impacts of human activity. In-

creasingly, though, e�orts to mitigate and mend environmental damage attract

substantial public and private investment. The Anthropocene is not simply a story

of environmental devastation: it is also one of human goals, values and aspirations.

As humans become the primary drivers of global change, it is important to under-

stand not just stories of environmental exploitation, but how visions of how the

world should be are created are negotiated, and how they manifest. These political

questions have been the domain of human geographers, political ecologists and

science and technology studies scholars for some time, but, as the earth sciences

drift away from geography, it seems increasingly di�cult for insights from these

disciplines to in�uence our understanding of the earth’s surface.

It can be tempting to blame this on the environmental scientists themselves, cast-

ing them as agents in a modernist project of dominance over the natural world

who, at best, refuse to acknowledge their complicity in producing technologies

of control and exploitation. This approach, however, may be neither very help-

ful nor particularly accurate. Many environmental scientists do, in fact, recognise

the politics of their work, actively intervening through it to shape the values and

motivations which underpin and impel scienti�c inquiry. This thesis, therefore, in

part represents a call for physical geographers concerned with the relationships

between people and the physical environment to attend to the role of contem-

porary research practices in maintaining those relations. It also, however, demon-

strates that e�orts to recon�gure the science of the environment from within –

what Tadaki (2016) describes as a ‘critical through’ mode of research – are already

underway.

These activities take various forms, but three particular expressions of political

action through environmental science can be identi�ed from the examples presen-
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ted in this thesis. The �rst entails e�orts to actively shape scienti�c agendas: to

in�uence the kinds of knowledge which are produced about the earth’s surface.

An example of this can be seen through the history of ‘place’ in geomorphology,

and will be further discussed later in this chapter. The second, represented here

by the concept of geodiversity, involves the creation of di�erent knowledge about

the world: striving to draw attention to the presence, and in this case the unique-

ness, of particular aspects of the landscape or the living things in it in the hope

of in�uencing management priorities. The third form of political action puts en-

vironmental knowledge to work, creating tools intended to be used to in�uence

the environment directly through prioritising management e�orts and measuring

their e�ects. Examples of such technologies addressed by this thesis include the

attempts to operationalise river health described in Chapter 7, as well as river clas-

si�cation schemes designed to guide management e�orts (e.g. Brierley and Fryirs,

2005; Rosgen, 1994).

These forms of scienti�c activism represent important instances of political ac-

tion within the scienti�c community, as well as having substantial potential for im-

pact beyond it. As the example of river health in this thesis demonstrates (Chapter

7), however, they are also products of their scienti�c, social and institutional con-

texts. The ‘better’ worlds they imagine re�ect particular points of view, and the

technologies created in an attempt to realise these visions tend to �t within, rather

than challenge, existing logics of action and accountability (see e.g. Turnhout et al.,

2014). Regardless, as attention increasingly turns towards the social dynamics of

the environmental sciences (e.g. Wesselink et al., 2017), it is important to recog-

nise that these might be product of a politics which is hopeful rather than hidden.

Perhaps an opportunity remains to bridge the space between the critical social sci-

ences and the environmental sciences by focusing on the visions and values which

motivate attempts to understand and intervene in the physical world.

8.1 reconsidering critiqe

Or should we rather bring the sword of criticism to criticism itself and

do a bit of soul searching here: what were we really after when we
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were so intent on showing the social construction of scienti�c facts?

(Latour, 2004, p. 227)

This thesis began by laying out an agenda for a geomorphology more explicitly

grounded in a sense of place and history. In doing so, it has further developed a

political project which has been ongoing in physical geography for some time. This

emphasis on the local and the speci�c began as a rather conservative response from

regionalist geographers to a rapidly changing research paradigm (see Chapter 1).

It has, however, been taken up as a progressive intervention against a generalising,

contempocentric emphasis on process in geomorphology: recognising that it may

be normal for landscapes to change over time, and that di�erence can itself be valu-

able (e.g. Kennedy, 1992). This call to place also re�ects a broader dissatisfaction

with the perceived failures of contemporary approaches to scienti�c endeavour;

or, more precisely, with the silencing, depoliticising and controlling impact that

claims to ‘knowing’ can have. An emphasis on the particularity of things is a call

to slow down, to reassess what we know, what we do not, and who gets to know

it.

Yet it is easier to point out the shaky foundations of ideas we disagree with, to

express concern for their momentum, than to acknowledge the politics of our own.

Massey (2006, p. 36) notes that claims “about the producedness of science and of

our understandings of the physical world [are] in practice most often mobilized in

criticism of those readings which, for some reason or another, we reject”. Critique

of science and scientism has long been owned by the left, in geography at least

since Harvey’s (1974; 1984) calls to arms against ostensibly apolitical, repressive

knowledge. Notions of knowledge as socially constructed have created spaces for

heterogeneous accounts of otherwise marginalised ideals, ideas and identities to

�ourish (see e.g. Bracken and Oughton, 2013; Demeritt, 2002; Gavey, 1989). Increas-

ingly, however, it seems that the exclusive use of these rhetorical tools cannot be

taken for granted. They have, for example, provided the tools of doubt, uncertainty

and accusations of bias with which climate science has been cynically undermined

(Latour, 2004).

In 2002, the then Secretary of Defense of the United States of America Donald

Rumsfeld infamously justi�ed the imminent invasion of Iraq by emphasising the

di�erence between ‘known unknowns’ and ‘unknown unknowns’ (Morris, 2014).
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In 2011 John Key, then Prime Minister of New Zealand, claimed that the country’s

waterways were “100 percent pure”, stating that an outspoken, critical freshwa-

ter scientist was “one academic, and like lawyers, I can provide you with another

one that will give you a counterview” (Sackur, 2011, 11:20). These incidents echo

the language, if not the spirit, of critique. Rumsfeld’s vaguely postmodernist ‘un-

knowns’ seem disconcertingly familiar to those accustomed to the language of

postnormal science (c.f. Funtowicz and Ravetz, 1993; Funtowicz and Ravetz, 1992),

and Key might simply have been acknowledging the existence of multiple, con-

tested ways of knowing the world.

This potential for critique to be co-opted demands a note of caution as we ad-

vocate for particular concepts or ways of thinking which ful�l our immediate pur-

poses. Is it acceptable to advance critiques of contemporary science in order to

achieve a worthy social goal, for example, if those same arguments might then

be used to deny climate change? In response to this concern, this �nal chapter

therefore turns the lens back towards critiques of ‘placelessness’, investigating the

implications of emphasising the individuality of landforms and exploring the po-

tential consequences of deploying somewhat essentialist notions of uncertainty.

It concludes by critically considering the politics of place as an ethical basis for

intervening in the landscape.

8.1.1 Methodology, uncertainty and the politics of place

Throughout the history of geography, its practitioners have been vari-

ously perceived as very scienti�c, pseudoscienti�c, or antiscienti�c.

(Bauer, 1996, p. 384)

It is regularly declared that geomorphologists view theoretical questions with a

degree of ambivalence, or even hostility (e.g. Rhoads and Thorn, 1994, 1996c; Slay-

maker, 2009). Despite this supposed aversion, commentary and debate regularly

resurface regarding the role of theory, scale and place in geomorphic enquiry (see

Brierley et al., 2013; Lane and Richards, 1997; Rhoads and Thorn, 1993; Richards,

1994; Schumm and Lichty, 1965, to name only a few). While these discussions might

not take an explicitly philosophical tone, and their in�uence on the actual practice
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of geomorphic knowledge production can be di�cult to ascertain, they represent

a substantial history of methodological re�ection.

Assertions that geomorphological research should be concerned with the un-

derlying physics of landscape change, rather than the speci�cs of place and time,

were central to the rise of quantitative-dynamic geomorphology (see Chapters 1

and 2). For some, this represented the long-awaited arrival of science to the study

of the earth’s surface (e.g. Strahler, 1950). For others, this emphasis on ‘timeless’

geomorphology smacked of ‘physics envy’ and an indi�erence to the character

and histories of particular places (see Massey, 1999). At �rst glance, these posi-

tions seem irreconcilable: “The notion of dynamic as employed by Strahler clearly

is antithetical to the Davisian concept of successional development of landforms

over time, or, for that matter, to un-successional historical changes in landscape

morphology over time” (Rhoads, 2006, p. 15).

Fundamentally, many of these debates concern the extent to which geomorpho-

logy is, or should be, geographical. Arguments broadly fall into one of two visions

for the subject: a discipline modelled on physics which aims to minimise circum-

stance through conceptual or experimental means in the pursuit of more general

relationships. or a geographical geomorphology which foregrounds the role of con-

text and contingency in landscape development (see e.g. Bauer, 1996). These posi-

tions are regularly justi�ed in terms of a range of binary associations which serve

to emphasise di�erences between the approaches (see Table 8.1).

As can be seen in debates over the role of place and time in geomorphology (see

Part I), these dichotomies have been regularly deployed by both ‘sides’. Quantit-

ative geomorphologies might be accused of ignoring history, of naïve positivism,

of an over-reliance on theory (Baker and Twidale, 1991), and associated with a

tendency to discipline, control and colonise the landscape (Kennedy, 1979; Suchet,

2002). Qualitative geomorphologies might be criticised as the anti-scienti�c and ex-

ceptionalist work of hobbyists (Schaefer, 1953; Strahler, 1950), or lauded as eman-

cipatory frameworks recognising already-existing subjectivities and power rela-

tions (see Wilcock et al., 2013).

Digging deeper into these dichotomies, however, begins to uncover a number of

contradictions which make these characterisations seem more like caricatures. Gil-

bert and Davis had much more in common than might be generally acknowledged
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Table 8.1: Some of the binary positions commonly deployed in debates regarding the ap-

plication of geographical approaches to geomorphology, with exemplary or ex-

planatory references. Note that neither I nor those cited here necessarily con-

done these positions.

Scienti�c Unscienti�c Rhoads and Thorn, 1996b

Quantitative Qualitative Strahler, 1950, 1952

Placeless Place-based Brierley et al., 2013; Preston et al., 2011

Timeless Time-bound Strahler, 1952

Dynamic Historical Strahler, 1950, 1952

Geological Geographical Bauer, 1996

Process Form Lane and Richards, 1997

Gilbert Davis Sack, 1992

Positivist Realist Richards, 1996

Theoretical Empirical Baker and Twidale, 1991; Burton, 1963

Open systems Closed systems Chorley, 1962

Equilibrium Non-equilibrium Bracken and Wainwright, 2006; Phillips, 1992

Large-N Small-N Richards, 1996

Deterministic Contingent Phillips, 2007

Modernist Post-modernist Bracken and Wainwright, 2006; Massey, 1999

Linear Non-linear Lane and Richards, 1997; Phillips, 2003

Reductionist Holistic Harrison, 2001

Knowable Uncertain Phillips, 1994

Hubristic Precautionary Holling and Me�e, 1996; MacGarvin, 1994

Objective Subjective Blue and Brierley, 2016

Colonising Decolonising Suchet, 2002
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(Sack, 1992). Davis was accused of ignoring reality in the pursuit of conceptual el-

egance, just like the quantitative theorists who would come later (compare Baker

and Twidale, 1991; Baulig, 1950). Non-linearity and chaos might hint at disobedi-

ence, yet refer to deterministic, albeit sensitive, systems. These approaches are also

borrowed from other �elds, most notably physics: not a discipline known for its

aversion to reductionism. While qualitative methods might be more amenable to

integrating Indigenous understandings of landscape (e.g. Wilcock et al., 2013), the

men to whom these approaches are attributed were not paragons of liberal thought,

regularly espousing the environmental determinism of their time (Peet, 1985).

In practice, these positions re�ect rhetorical extremes rather than the majority

of research actually undertaken. Much geomorphological research does not op-

erate at the level of individual particles and �uid dynamics, and understanding

landscape change requires explicitly addressing the time-integrated interactions

between form and process over a range of spatial and temporal scales (Lane and

Richards, 1997). Isolating these dynamics, breaking them down to their component

parts to focus on processes of sediment erosion, transport and deposition is funda-

mental to most geomorphological knowledge today, but few would deny the need

to understand the circumstances within which these dynamics operate (see e.g.

Dietrich et al., 2003). Perhaps in recognition of this disconnect between rhetoric

and practice, substantial e�ort has gone into providing integrative philosophical

justi�cation for the practical realities of geomorphic research (see e.g. Bauer, 1996;

Rhoads and Thorn, 1996b; Richards and Cli�ord, 2011).

8.1.2 Reductionism and place

Despite the pragmatic, integrative tone of these methodological discussions, ten-

sion persists between the search for generalised understandings of the world and

the need to attend closely to particular places. This strain is felt most intensely at

the intersections of science and management, where perceived failures of interven-

tionist practices highlight the need for understandings of landscape more sensitive

to their context (see Part II). While debates over the geographical nature of geomor-

phology have continued since at least the middle of last century (Bryan, 1950; Rus-

sell, 1949), they took on renewed signi�cance as people increasingly intervened in
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landscapes intentionally to protect or ‘improve’ them (see e.g. Downs and Gregory,

2004). The increased urgency of environmental problems, coinciding with broader

challenges to scienti�c knowledge associated with Kuhn (e.g. 1970) and the rise of

postmodernism, produced a number of critiques of ‘reductionist’ geomorphology

and attempts to o�er alternative ways of understanding landscape.

Reductionism has several meanings, but is most often used as a pejorative term

deployed to describe approaches to enquiry which a writer feels oversimplify a

phenomena of interest. The criticism implicit in Barnes’ (2009, p. 626) fairly typ-

ical de�nition exempli�es this: “The methodological presumption that complex

phenomena or events can be explained by their reduction to simpler, more fun-

damental entities”. Of course, all attempts to understand the world in some sense

�t this de�nition: even the broadest, most inclusive representations must exclude

information seen as extraneous. Generally, however, reductionism describes the

systematic, often quantitative, paring-down of contextual information to uncover

general laws. This might be attempted through working at smaller scales to under-

stand fundamental processes, or by isolating generalised associations and causal

mechanisms across multiple, aggregated phenomena.

Critiques of reductionism essentially argue that details matter. This is not a state-

ment of scale per se, as these details can exist anywhere from the broadest histor-

ical in�uences on valley evolution (see Part II), to the mechanics of hydraulics and

riparian vegetation in river bank stability (e.g. Simon and Collison, 2002). Rather,

it is the assertion that landscapes are the product of the unlikely coincidence of a

certain set of circumstances at a range of scales, and that these circumstances in-

troduce a level of unpredictability into understandings of any particular landscape

(Phillips, 2007).

The case for attending to this context has been advanced through a range of

means. While some researchers focus on the potential of historically based ap-

proaches to landscape change (Baker and Twidale, 1991); more recently others

have attempted to develop and justify frameworks for more holistic ways of pro-

ducing knowledge about the world. Asserting that complete mechanistic or func-

tional explanations of ‘complex’ systems are unrealistic (Funtowicz and Ravetz,

1994), researchers working along these lines attempt to provide the conceptual

tools with which to approach the complications of the earth’s surface (see Murray
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et al., 2009). Concepts such as emergence (Harrison, 2001; Harrison et al., 2006),

non-linearity (Phillips, 2003), chaos and self-organisation (Phillips, 1999, 2006) have

been used to highlight the limitations of normative models of landscape develop-

ment (see, for example, the discussion of pseudo-equilibrium by Phillips, 2011).

While these approaches might be understood as opposing reductionist geomorpho-

logy, they do not preclude the search for general laws. An appreciation of context

does, however, suggest that any such laws will, in practice, be highly dependent

on the particular conditions occurring at a particular place at a particular time

(see Richards and Cli�ord, 2011). The primacy of context in these accounts calls

attention to the limitations of deterministic understandings of landscape, often ex-

pressed in terms of uncertainty.

8.1.3 The nature of uncertainty

In arguing for a geographic geomorphology it can be tempting to claim that land-

scapes are fundamentally uncertain. Harrison (2001, p. 336), for example, argues

for the need “to acknowledge unknowability and the irreducible uncertainty in

landscape evolution”, and Baker and Twidale (1991, p. 83) point to the “discovery

of absolute uncertainty of explanation by modern quantum mechanics” in their

call for wariness of universal laws. These assertions that complete explanations

from physical principles are impossible have signi�cant implications, implying

that there is little progress to be made through exploring the mechanisms of land-

scape change, and that research should instead focus on the empirical realities of

particular places. There is, however, a di�erence between things we do not know

and things we cannot know.

Sources of uncertainty can be helpfully understood as either epistemic or ontic.

Epistemic uncertainty refers to things we do not know: failures of prediction which

are not necessarily the product of fundamental dynamics, but might simply be

caused by a lack of information (after Walker et al., 2003). Ontic uncertainty, on

the other hand, relates to things we cannot know: fundamental randomness which

would persist even with perfect knowledge of a system. This distinction partly de-

pends on how systems of interest are de�ned (see Lane, 2001), as phenomena which

seem to be fundamentally unpredictable at one scale might simply result from a
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lack of knowledge at another, but these claims to uncertainty have signi�cantly

di�erent implications for how we approach knowing the world.

For those primarily concerned with the implications of reductionist approaches

to environmental decision-making, what matters are the extant limitations in our

knowledge about the world. The source of this uncertainty, whether a result of in-

herent variability in landscapes or simply an inability to predict change, is largely

irrelevant. Neither do these arguments require predicting the future of geomorphic

knowledge: the presence of existing uncertainty of outcome is su�cient to justify

cautious management practices (see Clark, 2002; Kriebel et al., 2001). If relying on

uncertainty for justi�cation, however, critiques of reductionist approaches to re-

search must demonstrate not just that knowledge of the world is unreliable now,

but that substantial uncertainty will persist regardless of e�orts to resolve it. Ab-

sent evidence of this, epistemic uncertainty presents opportunities for research

rather than a reason to limit e�orts at understanding.

Despite these very di�erent implications, critiques of reductionism often blur

the line between epistemic and ontic uncertainty. Wooldridge (1958, p. 32), anti-

cipating contemporary notions of complexity, asserted that “the direct attack by

mathematical methods would seem to o�er very limited chances of success. Deal-

ing as we inevitably are with in�nitely variable mixtures of solids, liquids and

gases, it is manifest that the parameters in our imagined equations will not be

constant, but themselves unmanageably variable.” Almost �fty years later, Phillips

(2007, p. 167), describes the “perfect landscape... [as] only one possible outcome

– albeit strongly constrained by applicable laws – of a given set of processes and

boundary conditions, which is determined by a speci�c, perhaps irreproducible set

of contingencies.”

These somewhat ambiguous statements perhaps fall into a third position: that

successful prediction of relationships between process and form might be possible

in principle, given perfect information, but that this level of insight is not prac-

tically attainable for real-world examples in the foreseeable future. This posture,

which could be described as ‘intractible epistemic uncertainty’, is weaker but more

defensible than assertions of ontic uncertainty. It makes no claim to fundamental

unpredictability, and does not preclude the search for universal laws. Rather, it

relies on the assertion that di�erences in ‘initial conditions’ complicate generic
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understandings of landscape change in ways which are, at least for now, unresolv-

able (see Phillips, 2007).

8.1.4 Uncertainty and place

But what if yesterday’s intractable problem might become tomorrow’s treatable

inconvenience? Arguing that the frontiers of geomorphological research exist at

the largest and the smallest scales, increasingly the domains of geophysicists and

Earth scientists respectively, Church (2005) suggests that the interpretive and pre-

dictive power of approaches once labelled ‘placeless’ threatens to overshadow –

or perhaps already has – those which emphasise history and geography (see also

Summer�eld, 2005a,b). Church’s concern is primarily pedagogical, suggesting that

geography no longer provides the skills and techniques required for contemporary

geomorphological research. This has been a familiar trope, at least since Strahler

(1950, p. 210) stated “It is di�cult enough to �nd geology students whose aptitudes

and interests enable them to follow [a quantitative-dynamic] program; it seems

almost out of the question that this program can be carried on by geographers.”

But Church’s argument presents a far more fundamental challenge to geograph-

ical geomorphology than this focus on pedagogy implies. As technological devel-

opments facilitate improved measurement and modelling of the earth’s surface,

bringing an increasing ability to capture landscape con�guration and behaviour,

conceptions of place founded on epistemic uncertainty risk losing their meaning.

The rapidly increasing availability of empirical data describing the earth’s sur-

face, and the growing ability to use that data, has the potential to rede�ne our

understandings of landscape. Traditionally, remotely sensed data has been limited

to detecting relatively broad patterns in landscape development, has been prohib-

itively expensive for covering large areas in detail, or has su�ered from disconnec-

tions between remotely sensed and �eld-based data (Mertes, 2002). Increasingly,

however, a combination of improved resolution, decreased cost and new techno-

logies bring the ability to capture extensive and intensive information about land-

scapes (Carbonneau and Piégay, 2012). In particular, �eld-based technologies such

as unmanned aerial systems both expand the spatial extent of traditional �eld-

based surveying methods and potentially o�er greater topographical resolution
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and accuracy for geomorphic and hydraulic surveys (e.g. Woodget et al., 2015,

2016).

Carbonneau and colleagues (2012) argue that the increasingly comprehensive,

multi-scalar nature of these datasets brings a paradigm shift in the way riverscapes

can be understood. Alongside this ability to collect highly detailed and spatially ex-

tensive data, developments in spatial analysis promise a growing ability to examine

relationships among these data (e.g. Cheung et al., 2016). While these techniques

cannot in themselves identify the processes responsible for change, they can point

to the existence of processes and relations which might otherwise have gone un-

noticed.

The in�uences of context and history present very real challenges to under-

standing landscapes: the physical and ecological signi�cance of valley setting, for

example (e.g. Fryirs and Brierley, 2010; Hynes, 1975), and the complicated cross-

scalar relations between form and process (e.g. Lane and Richards, 1997). Notions

of place can provide useful analytical and pedagogical tools to aid in understanding

these challenges (e.g. Brierley et al., 2013; Phillips, 2017). They can also o�er pertin-

ent reminders of the limitations and risks of management interventions, drawing

attention to ‘local’ factors which might easily be overlooked by generalised ap-

proaches to river management (Brierley and Fryirs, 2009, 2016). But if physical

associations previously understood as contextual or contingent can increasingly

be captured quantitatively, do they represent problems of place, or of spatial ana-

lysis?

I raise this question not to argue that a geomorphology which emphasises place

is no longer relevant, but in an attempt to refocus it. Attempting to justify a place-

based geomorphology through the language of uncertainty and contingency, by

framing place purely in terms of the biophysical, neglects an opportunity to ask,

and to articulate, what place is for.

8.1.5 The ambivalent politics of place

Physical geography’s concern with physical, tangible aspects of the world imbues

it with a certain common-sense resistance to the explicitly political. After all, it

might be unwise to challenge the implications of Newtonian physics while relying



8.1 reconsidering critiqe 111

on those same laws to stay upright in a stream (see Lane, 2001). Instead, challenges

to research philosophy and practice are typically framed in terms of the relation-

ship between theory and observation (e.g. Baker and Twidale, 1991), spurred on by

advances in technological capability. But this emphasis on the matter-of-fact can

obscure not only the politics underpinning practices of knowledge production in

physical geography (see Part III), but also the politics of e�orts to change them.

In the context of globalisation, Massey (2005, p. 5) notes, “a ‘retreat to place’

represents a protective pulling-up of drawbridges and a building of walls against

the new invasions.” Could place be similarly understood as a reactionary concept,

fostering parochial hostility to landscape change? Claims of contingency might

be intended as a caution against the ‘sin of hubris’ (MacGarvin, 1994), countering

urges to control the physical environment, but do they represent a conservative

return to idealised notions of wilderness as untouched, and untouchable (c.f. Cro-

non, 1996)? Biophysical notions of place which look to how the world was to guide

how it should be (e.g. Fryirs and Brierley, 2009; Wohl, 2011; see also Part IV of this

thesis) certainly could be read as somewhat essentialist and potentially reactionary

moorings for visions of how the world should be.

Yet for Kennedy, focussing on history and place is a progressive act, countering

an emphasis on short-term processes which reframes “perfectly straightforward

high-magnitude/low-frequency events” as catastrophic disturbances to an appar-

ently natural equilibrium (Kennedy, 1992, p. 248). This “conservative focus on the

signi�cance of the present as the desirable status quo” encourages, Kennedy (1992,

p. 247) argues, the privileging of the contemporary over the past. By providing re-

minders of the role of historical events – large and small, frequent and infrequent

– in constructing existing landscapes, rather than destroying them, this vision of

place is open to a range of possible futures.

If place can cut both ways, perhaps what di�erentiates progressive notions of

place is their intent as antidotes to intolerance of change (see Holling and Me�e,

1996): as indicators of past and therefore potential variability (e.g. Fryirs and Brier-

ley, 2009; Wohl, 2011), rather than – and indeed in opposition to – �xed assertions

of what should be. But while this openness to variability might be welcome, it rep-

resents one potential reading of a particular set of facts rather than an inherent

property of place. What is to prevent a place-based geomorphology (see Brierley
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et al., 2013) being (mis)used as a way of ending conversations, rather than begin-

ning them? The risk, perhaps, is that understandings of place become just another

way of producing common-sense statements about how the world should be: a

way of closing down possibilities, rather than opening them up.

8.2 concluding reflections: a progressive geographical geomorphology?

The prescription of methodology by a practising geomorphologist is

both an audacity and a dis�gurement... It requires a strong conviction

that there is indeed one best way to approach the study of landforms. I

o�er, in contrast, no prescription here, preferring the anarchical vision

of the skeptic. (Sherman, 1999, p. 694)

On one hand, debates over the role of place in geomorphology have changed

drastically since the initial, defensive reactions to systems geomorphology and the

quantitative revolution (see Part I). In particular, e�orts by geographical geomor-

phologists through the 1990s drew attention to the importance of landscape con-

�guration in mediating responses to process (e.g. Lane and Richards, 1997), gath-

ering mainstream recognition of the need for explanations of landscape change

to reference spatial and temporal circumstance. On the other hand, many of the

concerns motivating critiques of ‘placeless’ geomorphology as the basis of river

management remain strikingly similar to those of the past.

Frustrated by the perceived failings of management e�orts, whether a tendency

to overstate cause-and-e�ect relations or neglect the values of local people, it can

be tempting to turn to place as a panacea. To some extent that is where this thesis

began, with Part II employing place as a means of diversifying perceptions of value

on the riverscapes of the Yellow River’s headwaters. By foregrounding physical

context and the role of history, notions of place potentially play an important role

in informing management interventions sensitive to their surroundings.

As this thesis has demonstrated, many of the strongest arguments for place

centre around the application of geomorphic knowledge to intervening in the phys-

ical world. Place-based approaches to landscape provide an important reminder

that our models of the world do not necessarily represent how it should be: that

riverscapes, for example, can represent values and meanings which might easily
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be overlooked in the search for generalised, quantitative understandings of land-

scape (Brierley et al., 2013). Instead of managing landscapes for pre-determined,

generic priorities (see Part IV), place o�ers an emphasis on maintaining a diverse

array of geomorphic processes and forms across multiple scales.

At the same time, however, foregrounding the individuality of place might be

viewed as leading toward an exceptionalist dead-end that threatens attempts to bet-

ter understand the physical world (see e.g. Schaefer, 1953). A focus on the individu-

ality of landscapes denies the possibility of experimental replication, constraining

the ability to make, and to test, claims about the world (Montgomery, 1991). It is,

therefore, reasonable that a discipline which understands itself as scienti�c might

prioritise the development of formal tools and methods for testing generalised pro-

positions using case studies, rather than on explaining the case studies themselves

(see Richards, 1996).

Arguing that geographical geomorphology has become “marooned on a passive

margin”, its emphasis on place rendered obsolete by the quantitative, law-seeking

Earth sciences, Church (2005, p. 129) anticipates one possible future for the sub-

ject as, essentially, an applied science. This prescription comes from a place of

perceived weakness: an alleged failure to keep up with the ‘cutting edge’ of sci-

enti�c progress. It nevertheless presents a substantial opportunity to take a fresh

look at the intersections between people and landscape: to explore the relation-

ship between the scienti�c and the political, the unique and the general, towards

an ethical basis for intervening in the landscape.

In this thesis I have attempted to seize this opportunity, illuminating and act-

ively engaging with the quiet politics of environmental knowledge production

and decision-making in geomorphology. Presenting three interventions employ-

ing and exploring the notion of place, I have sought to trouble essentialist claims

to nature as a basis for management, moving towards more inclusive approaches

which foreground the relationships between people and landscape. In doing so I

have built on e�orts to recognise and understand the role of people in shaping con-

temporary landscapes (Ashmore, 2015), while diving deeper into the philosophies

underpinning these interventions. I have recognised the need to deal with com-

plexity and uncertainty in the short term (Funtowicz and Ravetz, 1993), while also

acknowledging that these concepts might be deployed to excuse inaction and limit
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future attempts at explanation. I have learnt from critical physical geography’s em-

phasis on the material applications of political ecology and science and technology

studies (Lave et al., 2014), while recognising the value of scienti�c approaches to

knowing the world.

My e�orts could potentially be read in two ways. They could be understood as

an attempt to separate out the objective from the subjective: to take the politics out

of geomorphology, and the geomorphology out of politics. They could also, how-

ever, be perceived as aiming to politicise geomorphology and to turn an apparently

objective science into a merely descriptive cultural pursuit (c.f. Strahler, 1950). In

the eyes of some, the former might be unrealistic; for others, the latter might be in-

excusable. Perhaps the promise of a progressive geographical geomorphology lies

in an openness to learning from both of these critiques, helping us learn to “live in

a world crafted by people but always beyond human control” (Robbins and Moore,

2013, p. 14).



R E F E R E N C E S

Adams, W. M. and Hulme, D. (2001). ‘If community conservation is the answer in

Africa, what is the question?’ Oryx 35.3, pp. 193–200 (cit. on pp. 72, 73).

Agrawal, A. and Gibson, C. C. (1999). ‘Enchantment and disenchantment: The

role of community in natural resource conservation.’ World Development 27.4,

pp. 629–649 (cit. on p. 73).

Amoros, C. (2001). ‘The concept of habitat diversity between and within ecosys-

tems applied to river side-arm restoration.’ Environmental Management 28.6,

pp. 805–817 (cit. on pp. 24, 25).

Appadurai, A. (2006). ‘The right to research.’ Globalisation, Societies and Education

4.2, pp. 167–177 (cit. on p. 66).

Ashmore, P. (2015). ‘Towards a sociogeomorphology of rivers.’ Geomorphology 251,

pp. 149–156 (cit. on pp. 12, 14, 54, 57, 59, 61, 62, 66, 77, 79, 113).

Ashmore, P. and Dodson, B. (2016). ‘Urbanizing physical geography.’ The Canadian

Geographer / Le Géographe canadien (cit. on p. 54).

Askins, K. (2015). ‘Being together: Everyday geographies and the quiet politics of

belonging.’ACME: An International Journal for Critical Geographies 14.2, pp. 470–

478 (cit. on p. 72).

Baerwald, T. J. (2010). ‘Prospects for geography as an interdisciplinary discipline.’

Annals of the Association of American Geographers 100.3, pp. 493–501 (cit. on

p. 53).

Baker, V. R. and Twidale, C. (1991). ‘The reenchantment of geomorphology.’ Geo-

morphology 4.2, pp. 73–100 (cit. on pp. 9, 64, 65, 103–107, 111).

Balaguer, L., Escudero, A., Martín-Duque, J. F., Mola, I., and Aronson, J. (2014). ‘The

historical reference in restoration ecology: Re-de�ning a cornerstone concept.’

Biological Conservation 176, pp. 12–20 (cit. on p. 85).

Barnes, T. J. (2009). ‘Reductionism.’ In: The Dictionary of Human Geography. Ed.

by D. Gregory, R. Johnston, G. Pratt, M. J. Watts, and S. J. Whatmore. 5th ed.

London: Wiley-Blackwell, pp. 626–627 (cit. on p. 106).

115



116 references

Barrows, H. H. (1923). ‘Geography as human ecology.’ Annals of the Association of

American Geographers 13.1, pp. 1–14 (cit. on pp. 5, 53).

Bassett, K. (1994). ‘Comments on Richards: The problems of ‘real’ geomorphology.’

Earth Surface Processes and Landforms 19.3, pp. 273–276 (cit. on p. 10).

Bauer, B. (1996). ‘Geomorphology, geography, and science.’ In: The Scienti�c Na-

ture of Geomorphology: Proceedings of the 27th Binghamton Symposium in Ge-

omorphology held 27-29 September, 1996. Ed. by B. L. Rhoads and C. E. Thorn.

Chichester: Wiley & Sons, pp. 382–413 (cit. on pp. 102–105).

Baulig, H. (1950). ‘William Morris Davis: Master of method.’ Annals of the Associa-

tion of American Geographers 40.3, pp. 188–195 (cit. on pp. 6, 105).

Beck, M. W. and Hatch, L. K. (2009). ‘A review of research on the development

of lake indices of biotic integrity.’ Environmental Reviews 17, pp. 21–44 (cit. on

p. 84).

Beckinsale, R. P. and Chorley, R. J. (1991). The History of the Study of Landforms:

Or, the Development of Geomorphology. Volume Three: Historical and Regional

Geomorphology 1890-1950. Vol. 3. London: Routledge (cit. on pp. 5, 6).

Beechie, T. J., Sear, D. A., Olden, J. D., Pess, G. R., Bu�ngton, J. M., Moir, H., Roni, P.,

and Pollock, M. M. (2010). ‘Process-based principles for restoring river ecosys-

tems.’ BioScience 60.3, pp. 209–222 (cit. on pp. 73, 74, 90).

Bennett, J. (2002). ‘Investing in ecosystem health: Using rivers as a case study.’

Ecological Management & Restoration 3.2, pp. 104–107 (cit. on p. 74).

Bernhardsen, T. (2002).Geographic Information Systems: An Introduction. New York:

Wiley & Sons (cit. on p. 6).

Bernhardt, E. S., Palmer, M. A., Allan, J. D., Alexander, G., Barnas, K., Brooks, S.,

Carr, J., et al. (2005). ‘Synthesizing U.S. river restoration e�orts.’ Science 308.5722,

pp. 636–637 (cit. on pp. 4, 24, 71, 84).

Bernhardt, E. S., Sudduth, E. B., Palmer, M. A., Allan, J. D., Meyer, J. L., Alexander,

G., Follastad-Shah, J., et al. (2007). ‘Restoring rivers one reach at a time: Results

from a survey of U.S. river restoration practitioners.’ Restoration Ecology 15.3,

pp. 482–493 (cit. on pp. 24, 71).

Bishop, P. (1980). ‘Popper’s principle of falsi�ability and the irrefutability of the

Davisian Cycle.’ The Professional Geographer 32.3, pp. 310–315 (cit. on p. 6).



references 117

Blomley, N. (2006). ‘Uncritical critical geography?’ Progress in Human Geography

30.1, pp. 87–94 (cit. on p. 10).

Blue, B. and Brierley, G. J. (2016). ‘“But what do you measure?” Prospects for a

constructive critical physical geography.’ Area 48.2, pp. 190–197 (cit. on pp. 79,

84, 89, 104).

Blue, B., Brierley, G. J., and Yu, G. A. (2013). ‘Geodiversity in the Yellow River source

zone.’ Journal of Geographical Sciences 23.5, pp. 775–792 (cit. on p. 63).

Blue, B., Gregory, C., McFarlane, K., Tadaki, M., Limburg-Meijer, P. van, and Lewis,

N. (2012). ‘Freshwater geographies: Experimenting with knowing and doing ge-

ography di�erently.’ New Zealand Geographer 68.1, pp. 62–66 (cit. on pp. xvi,

58).

Blue, L. (2011). ‘International conservation trends: considerations for Sanjiangyuan

National Nature Reserve, China.’ In: Wetland Types, Evolution and Rehabilitation

in the Sanjiangyuan Region. Ed. by C. Gang, X. Li, and G. J. Brierley. Qinghai

People’s Publishing House, pp. 111–129 (cit. on p. 62).

Boer, D. H. de (1992). ‘Hierarchies and spatial scale in process geomorphology: A

review.’ Geomorphology 4.5, pp. 303–318 (cit. on p. 8).

Bouleau, G. (2014). ‘The co-production of science and waterscapes: The case of the

Seine and the Rhône Rivers, France.’ Geoforum 57, pp. 248–257 (cit. on pp. 52, 57,

61, 62, 72, 84, 88, 97).

Bouleau, G., Argillier, C., Souchon, Y., Barthélémy, C., and Babut, M. (2009). ‘How

ecological indicators construction reveals social changes—The case of lakes and

rivers in France.’ Ecological Indicators 9.6, pp. 1198–1205 (cit. on pp. 53, 72).

Bouleau, G. and Pont, D. (2015). ‘Did you say reference conditions? Ecological and

socio-economic perspectives on the European Water Framework Directive.’ En-

vironmental Science & Policy 47, pp. 32–41 (cit. on pp. 79, 86).

Boulton, A. J. (1999). ‘An overview of river health assessment: Philosophies, prac-

tice, problems and prognosis.’ Freshwater Biology 41.2, pp. 469–479 (cit. on p. 83).

Bracken, L. J. and Oughton, E. a. (2013). ‘Making sense of policy implementation:

The construction and uses of expertise and evidence in managing freshwater

environments.’ Environmental Science & Policy 30, pp. 10–18 (cit. on p. 101).



118 references

Bracken, L. J. and Wainwright, J. (2006). ‘Geomorphological equilibrium: Myth and

metaphor?’ Transactions of the Institute of British Geographers 31.2, pp. 167–178

(cit. on pp. 10, 21, 104).

Brierley, G. J. (2010). ‘Landscape memory: The imprint of the past on contemporary

landscape forms and processes.’ Area 42.1, pp. 76–85 (cit. on pp. 20, 29).

Brierley, G. J. and Fryirs, K. A. (2005). Geomorphology and River Management: Ap-

plications of the River Styles Framework. Ed. by G. J. Brierley and K. A. Fryirs.

Oxford: Blackwell (cit. on pp. 29, 31, 34, 36, 78, 100).

Brierley, G. J. and Fryirs, K. A. (2008). River Futures: An Integrative Scienti�c Ap-

proach to River Repair. Cambridge Univ Press (cit. on p. 77).

Brierley, G. J. and Fryirs, K. A. (2009). ‘Don’t �ght the site: Three geomorphic

considerations in catchment-scale river rehabilitation planning.’ Environmental

Management 43.6, pp. 1201–1218 (cit. on pp. 30, 110).

Brierley, G. J. and Fryirs, K. A. (2016). ‘The use of evolutionary trajectories to guide

‘moving targets’ in the management of river futures.’ River Research and Appli-

cations 32.5, pp. 823–835 (cit. on pp. 78, 85, 110).

Brierley, G. J., Fryirs, K. A., Boulton, A., and Cullum, C. (2008). ‘Working with

change: The importance of evolutionary perspectives in framing the trajectory

of river adjustment.’ In: River Futures: An Integrative Scienti�c Approach to River

Repair. Ed. by G. J. Brierley and K. A. Fryirs. Washington, D.C.: Island Press (cit.

on pp. 46, 81).

Brierley, G. J., Fryirs, K. A., Cullum, C., Tadaki, M., Huang, H. Q., and Blue, B. (2013).

‘Reading the landscape: Integrating the theory and practice of geomorphology

to develop place-based understandings of river systems.’ Progress in Physical Ge-

ography 37.5, pp. 601–621 (cit. on pp. xvi, 11, 14, 24, 29, 51, 58, 62, 65, 90, 102,

104, 110, 111, 113).

Brierley, G. J., Fryirs, K. A., and Jain, V. (2006). ‘Landscape connectivity: The geo-

graphic basis of geomorphic applications.’ Area 38.2, pp. 165–174 (cit. on p. 44).

Brierley, G. J., Tadaki, M., Hikuroa, D., Blue, B., Šunde, C., Tunnicli�e, J., and

Salmond, A. (In Press). ‘A Geomorphic Perspective on the Rights of the River in

{Aotearoa New Zealand}.’ River Research and Applications (cit. on p. 98).

Brown, A. G., Tooth, S., Bullard, J. E., Thomas, D. S. G., Chiverrell, R. C., Plater, A. J.,

Murton, J., et al. (2017). ‘The geomorphology of the Anthropocene: Emergence,



references 119

status and implications: the geomorphology of the anthropocene.’ Earth Surface

Processes and Landforms 42.1, pp. 71–90 (cit. on p. 85).

Brown, N. J. L., Sokal, A. D., and Friedman, H. L. (2013). ‘The complex dynam-

ics of wishful thinking: The critical positivity ratio.’ American Psychologist 68.9,

pp. 801–813 (cit. on p. 60).

Bryan, K. (1950). ‘The place of geomorphology in the geographic sciences.’ Annals

of the Association of American Geographers 40.3, pp. 196–208 (cit. on pp. 5, 9, 105).

Bryant, R. L. (1998). ‘Power, knowledge and political ecology in the third world: A

review.’ Progress in physical geography 22.1, pp. 79–94 (cit. on pp. 12, 71).

Bucher, W. H. (1941). The Nature of Geological Inquiry and the Training Required

for It. Technical publication 1377. New York: American Institute of Mining and

Metallurgical Engineers (cit. on p. 7).

Bu�ngton, J. M. and Montgomery, D. R. (2013). ‘Geomorphic classi�cation of

rivers.’ In: Treatise on Geomorphology. Ed. by E. Wohl and J. Shroder. Vol. 9. San

Diego: Academic Press, pp. 730–767 (cit. on pp. 31, 62).

Bunn, S. E., Abal, E. G., Smith, M. J., Choy, S. C., Fellows, C. S., Harch, B. D., Ken-

nard, M. J., and Sheldon, F. (2010). ‘Integration of science and monitoring of river

ecosystem health to guide investments in catchment protection and rehabilita-

tion.’ Freshwater Biology 55, pp. 223–240 (cit. on p. 84).

Burton, I. (1963). ‘The quantitative revolution and theoretical geography.’ The

Canadian Geographer / Le Géographe canadien VII.4, pp. 151–162 (cit. on pp. 6–8,

65, 104).

Butzer, K. W. (1973). ‘Pluralism in geomorphology.’ Proceedings of the Association

of American Geographers 5, pp. 39–43 (cit. on p. 58).

Calder-Dawe, O. (2015). ‘The choreography of everyday sexism: Reworking sexism

in interaction.’ New Formations 86, pp. 89–105 (cit. on p. 52).

Calder-Dawe, O. and Gavey, N. (2016). ‘Making sense of everyday sexism: Young

people and the gendered contours of sexism.’ Women’s Studies International Fo-

rum 55, pp. 1–9 (cit. on p. 52).

Callicott, J. B. (1992). ‘Aldo Leopold’s metaphor.’ In: Ecosystem Health: New Goals

for Environmental Management. Ed. by R. Costanza, B. G. Norton, and B. D.

Haskell, pp. 42–56 (cit. on p. 80).



120 references

Callicott, J. B., Crowder, L. B., and Mumford, K. (1999). ‘Current normative concepts

in conservation.’ Conservation Biology 13.1, pp. 22–35 (cit. on pp. 73, 75, 81, 91).

Callicott, J. B. and Nelson, M. P., eds. (1998). The Great New Wilderness Debate.

Athens, Georgia: University of Georgia Press (cit. on p. 72).

Callon, M. (1998). ‘An essay on framing and over�owing: Economic externalities

revisited by sociology.’ In: The Laws of the Markets. Sociological Review mono-

graph series. Oxford: Blackwell, pp. 244–269 (cit. on p. 89).

Cameron, W. B. (1963). Informal Sociology, a Casual Introduction to Sociological

Thinking. 5th ed. New York: Random House (cit. on p. 59).

Canguilhem, G. (1978). On the Normal and the Pathological. Dordrecht: Springer

Netherlands (cit. on p. 90).

Carbonneau, P., Fonstad, M. A., Marcus, W. A., and Dugdale, S. J. (2012). ‘Making

riverscapes real.’ Geomorphology 137.1, pp. 74–86 (cit. on p. 110).

Carbonneau, P. and Piégay, H. (2012). Fluvial remote sensing for science andmanage-

ment. Advancing river restoration and management. Chichester, West Sussex:

Wiley-Blackwell (cit. on p. 109).

Castree, N. (2003). ‘Geographies of nature in the making.’ In: Handbook of Cultural

Geography. London: SAGE Publications Ltd, pp. 168–183 (cit. on p. 81).

Castree, N. (2005a). ‘Is geography a science?’ In: Questioning Geography: Funda-

mental Debates. Ed. by N. Castree, A. Rogers, and D. J. Sherman. Malden, MA:

Blackwell, pp. 57–79 (cit. on p. 59).

Castree, N. (2005b). Nature. London; New York: Routledge (cit. on p. 80).

Castree, N. (2011). ‘Neoliberalism and the biophysical environment 3: Putting the-

ory into practice.’ Geography Compass 5.1, pp. 35–49 (cit. on p. 74).

Castree, N. (2013). Making Sense of Nature. London: Routledge (cit. on p. 57).

Castree, N. (2014). ‘The Anthropocene and geography I: The back story.’Geography

Compass 8.7, pp. 436–449 (cit. on pp. 4, 12, 53, 74, 85, 91).

Castree, N. (2015a). ‘Geographers and the discourse of an Earth transformed: In�u-

encing the intellectual weather or changing the intellectual climate?’ Geograph-

ical Research 53.3, pp. 244–254 (cit. on pp. 12, 53, 57, 64).

Castree, N. (2015b). ‘Geography and global change science: Relationships neces-

sary, absent, and possible.’ Geographical Research 53.1, pp. 1–15 (cit. on pp. 53,

58).



references 121

Castree, N. (2016). ‘Geography and the new social contract for global change re-

search.’ Transactions of the Institute of British Geographers 41.3, pp. 328–347 (cit.

on p. 53).

Castree, N., Adams, W. M., Barry, J., Brockington, D., Büscher, B., Corbera, E.,

Demeritt, D., et al. (2014). ‘Changing the intellectual climate.’ Nature Climate

Change 4.9, pp. 763–768 (cit. on pp. 4, 12, 57, 64, 79).

Chan, K. M. A., Guerry, A. D., Balvanera, P., Klain, S., Satter�eld, T., Basurto, X.,

Bostrom, A., et al. (2012). ‘Where are cultural and social in ecosystem services?

A framework for constructive engagement.’ BioScience 62.8, pp. 744–756 (cit. on

p. 74).

Chan, K. M., Satter�eld, T., and Goldstein, J. (2012). ‘Rethinking ecosystem services

to better address and navigate cultural values.’ Ecological Economics 74, pp. 8–18

(cit. on p. 74).

Chapman, P. M. (1992). ‘Ecosystem health synthesis: Can we get there from here?’

Journal of Aquatic Ecosystem Health 1.1, pp. 69–79 (cit. on pp. 78, 82).

Chessman, B. C., Fryirs, K. A., and Brierley, G. J. (2006). ‘Linking geomorphic char-

acter, behaviour and condition to �uvial biodiversity: Implications for river man-

agement.’ Aquatic Conservation: Marine and Freshwater Ecosystems 16.3, pp. 267–

288 (cit. on pp. 46, 84).

Chessman, B., Growns, I., Currey, J., and Plunkett-Cole, N. (1999). ‘Predicting

diatom communities at the genus level for the rapid biological assessment of

rivers.’ Freshwater Biology 41.2, pp. 317–331 (cit. on p. 84).

Cheung, A. K. L., Brierley, G., and O’Sullivan, D. (2016). ‘Landscape structure and

dynamics on the Qinghai-Tibetan Plateau.’ Ecological Modelling 339, pp. 7–22

(cit. on p. 110).

Chorley, R. J. (1978). ‘Bases for theory in geomorphology.’ In: Geomorphology:

Present Problems and Future Prospects. Ed. by C. Embleton, D. Brunsden, and

D. K. C. Jones. Oxford: Oxford University Press, pp. 1–13 (cit. on p. 66).

Chorley, R. J. (1962).Geomorphology andGeneral Systems Theory. Washington, D.C.:

US Government Printing O�ce (cit. on pp. 8, 104).

Chorley, R. J. (1969). ‘The drainage basin as the fundamental geomorphic unit.’ In:

Water, Earth and Man. London: Methuen, pp. 77–99 (cit. on p. 77).



122 references

Chorley, R. J., Beckinsale, R. P., and Dunn, A. J. (1973). The History of the Study

of Landforms: Or, the Development of Geomorphology. Volume Two: The Life and

Work of WilliamMorris Davis. Vol. 2. OCLC: 648152798. New York: Wiley (cit. on

p. 5).

Chorley, R. J., Dunn, A. J., and Beckinsale, R. P. (1964). The History of the Study of

Landforms: Or, the Development of Geomorphology. Volume one: Geomorphology

Before Davis. Vol. 1. OCLC: 701827281. London: Butler and Tanner (cit. on p. 5).

Chorley, R. J. and Kennedy, B. A. (1971). Physical geography: A systems approach.

London: Prentice-Hall (cit. on pp. 8, 19).

Church, M. (1996). ‘Space, time and the mountain - how do we order what we see?’

In: The Scienti�c Nature of Geomorphology: Proceedings of the 27th Binghamton

Symposium in Geomorphology held 27-29 September, 1996. Ed. by B. Rhoads and

C. E. Thorn. Binghamton: Wiley & Sons, pp. 147–170 (cit. on pp. 8, 29, 57, 60,

62).

Church, M. (2005). ‘Continental drift.’ Earth Surface Processes and Landforms 30.1,

pp. 129–130 (cit. on pp. 109, 113).

Church, M. and Mark, D. M. (1980). ‘On size and scale in geomorphology.’ Progress

in Physical Geography 4.3, pp. 342–390 (cit. on p. 30).

Clark, M. J. (2002). ‘Dealing with uncertainty: Adaptive approaches to sustainable

river management.’ In: Aquatic Conservation: Marine and Freshwater Ecosystems.

Vol. 12. 4. John Wiley & Sons, Ltd., pp. 347–363 (cit. on pp. 12, 108).

Cli�ord, N. J. (2002). ‘The future of geography: when the whole is less than the

sum of its parts.’ Geoforum 33.4, pp. 431–436 (cit. on p. 66).

Clout, M. N. and Saunders, A. J. (1995). ‘Conservation and ecological restoration

in New Zealand.’ Paci�c conservation biology 2.1, pp. 91–98 (cit. on p. 80).

Colbert, S., Eichler, G., Karlin, B., and Stewart, J. (2005). ‘Stone Phillips.’ The Colbert

Report (cit. on p. 60).

Collingwood, R. G. (1946). The idea of history. Ed. by T. M. Knox. Oxford: The

Clarendon Press (cit. on p. 57).

Cook, B. R. and Balayannis, A. (2015). ‘Co-producing (a fearful) Anthropocene.’

Geographical Research 53.3, pp. 270–279 (cit. on p. 4).

Cook, B. R., Kesby, M., Fazey, I., and Spray, C. (2013). ‘The persistence of ‘normal’

catchment management despite the participatory turn: Exploring the power ef-



references 123

fects of competing frames of reference.’ Social Studies of Science 43.5, pp. 754–779

(cit. on p. 82).

Cooper, S. D., Diehl, S., Kratz, K., and Sarnelle, O. (1998). ‘Implications of scale for

patterns and processes in stream ecology.’ Australian Journal of Ecology 23.1,

pp. 27–40 (cit. on p. 31).

Corenblit, D., Tabacchi, E., Steiger, J., and Gurnell, A. M. (2007). ‘Reciprocal inter-

actions and adjustments between �uvial landforms and vegetation dynamics in

river corridors: A review of complementary approaches.’ Earth Science Reviews

84.1-2, pp. 56–86 (cit. on p. 43).

Costanza, R. (1992). ‘Toward an operational de�nition of ecosystem health.’ In:

Ecosystem health: new goals for environmental management. Ed. by R. Costanza,

B. G. Norton, and B. D. Haskell. Island Press (cit. on p. 83).

Costanza, R. (2012). ‘Ecosystem health and ecological engineering.’ Ecological En-

gineering 45, pp. 24–29 (cit. on pp. 78, 91).

Costanza, R., d’Arge, R., De Groot, R., Faber, S., Grasso, M., Hannon, B., Limburg,

K., et al. (1997). ‘The value of the world’s ecosystem services and natural capital.’

Nature 387, pp. 253–260 (cit. on p. 74).

Costanza, R. and Mageau, M. (1999). ‘What is a healthy ecosystem?’Aquatic ecology

33.1, pp. 105–115 (cit. on pp. 78, 83).

Craddock, W. H., Kirby, E., Harkins, N. W., Zhang, H., Shi, X., and Liu, J. (2010).

‘Rapid �uvial incision along the Yellow River during headward basin integra-

tion.’ Nature Geoscience 3.3, pp. 209–213 (cit. on pp. 23, 32, 41, 43).

Crehan, K. A. F. (2016). Gramsci’s Common Sense: Inequality and Its Narratives.

Durham: Duke University Press (cit. on p. 72).

Cronon, W. (1996). ‘The trouble with wilderness: Or, getting back to the wrong

nature.’ Environmental History 1.1, p. 7 (cit. on pp. 54, 73, 80, 96, 111).

Culpepper, P. D. (2011). Quiet politics and business power: Corporate control in Eu-

rope and Japan. New York: Cambridge University Press (cit. on p. 72).

DeFries, R. S., Ellis, E. C., Chapin, F. S., Matson, P. A., Turner, B. L., Agrawal, A.,

Crutzen, P. J., et al. (2012). ‘Planetary opportunities: A social contract for global

change science to contribute to a sustainable future.’ BioScience 62.6, pp. 603–606

(cit. on p. 12).



124 references

Demeritt, D. (1994). ‘Ecology, objectivity and critique in writings on nature and

human societies.’ Journal of Historical Geography 20.1, pp. 22–37 (cit. on p. 4).

Demeritt, D. (1996). ‘Social theory and the reconstruction of science and geogra-

phy.’ Transactions of the Institute of British Geographers 21.3, p. 484 (cit. on pp. 10,

51, 55).

Demeritt, D. (2002). ‘What is the ‘social construction of nature’? A typology and

sympathetic critique.’ Progress in Human Geography 26.6, pp. 767–790 (cit. on

pp. 73, 101).

Demeritt, D. (2009). ‘Geography and the promise of integrative environmental re-

search.’ Geoforum 40.2, pp. 127–129 (cit. on p. 65).

Di Baldassarre, G., Kooy, M., Kemerink, J. S., and Brandimarte, L. (2013). ‘Towards

understanding the dynamic behaviour of �oodplains as human-water systems.’

Hydrology and Earth System Sciences 17.8, pp. 3235–3244 (cit. on p. 54).

Dietrich, W. E., Bellugi, D. G., Sklar, L. S., Stock, J. D., Heimsath, A. M., and Roer-

ing, J. J. (2003). ‘Geomorphic transport laws for predicting landscape form and

dynamics.’ Geophysical Monograph 135, pp. 1–30 (cit. on p. 105).

Donaldson, A., Lane, S., Ward, N., and Whatmore, S. (2013). ‘Over�owing with

issues: Following the political trajectories of �ooding.’ Environment and Planning

C: Government and Policy 31.4, pp. 603–618 (cit. on p. 89).

Dong, S. C., Zhou, C. J., and Wang, H. Y. (2002). ‘Ecological crisis and countermea-

sures of the Three Rivers Headstream region.’ Journal of Natural Resources 17.6,

pp. 713–720 (cit. on p. 27).

Dong, Z. (2003). ‘Diversity of river morphology and diversity of bio-communities.’

Journal of Hydraulic Engineering 11, pp. 1–6 (cit. on pp. 29, 32).

Downs, P. W. and Gregory, K. J. (2004). River channel management: Towards sus-

tainable catchment hydrosystems. London: Hodder Arnold (cit. on pp. 10, 21, 29,

61, 77, 106).

Doyle, M. W. and BenDor, T. (2011). ‘Evolving law and policy for freshwater ecosys-

tem service markets.’ William & Mary Environmental Law & Policy Review 36,

p. 153 (cit. on p. 74).

Doyle, M. W., Singh, J., Lave, R., and Robertson, M. M. (2015). ‘The morphology

of streams restored for market and nonmarket purposes: Insights from a mixed



references 125

natural-social science approach.’ Water Resources Research 51.7, pp. 5603–5622

(cit. on p. 74).

Du�, K. (1994). ‘Geological and landscape conservation.’ In: Geological and Land-

scape Conservation. Ed. by D. O’Halloran, C. Green, M. Harley, M. Stanley, and J.

Knill. London: Geological Society Publishing House, pp. 121–126 (cit. on p. 28).

Dufour, S. and Piégay, H. (2009). ‘From the myth of a lost paradise to targeted

river restoration: Forget natural references and focus on human bene�ts.’ River

Research and Applications 25.5, pp. 568–581 (cit. on pp. 74, 79, 91).

Eaton, B., Millar, R. G., and Davidson, S. (2010). ‘Channel patterns: Braided,

anabranching, and single-thread.’ Geomorphology 120.3-4, pp. 353–364 (cit. on

p. 43).

Eaton, B. and Millar, R. (2017). ‘Predicting gravel bed river response to environ-

mental change: The strengths and limitations of a regime-based approach.’ Earth

Surface Processes and Landforms 42.6, pp. 994–1008 (cit. on p. 19).

Ellis, R. and Waterton, C. (2004). ‘Environmental citizenship in the making: The

participation of volunteer naturalists in UK biological recording and biodiversity

policy.’ Science and Public Policy 31.2, pp. 95–105 (cit. on p. 82).

Elosegi, A., Gessner, M. O., and Young, R. G. (2017). ‘River doctors: Learning from

medicine to improve ecosystem management.’ Science of The Total Environment

595, pp. 294–302 (cit. on p. 81).

Emery, S., Perks, M., and Bracken, L. (2013). ‘Negotiating river restoration: The

role of divergent reframing in environmental decision-making.’ Geoforum 47,

pp. 167–177 (cit. on p. 77).

Ertsen, M. W., Murphy, J. T., Purdue, L. E., and Zhu, T. (2013). ‘A journey of a thou-

sand miles begins with one small step – human agency, hydrological processes

and time in socio-hydrology.’ Hydrology and Earth System Sciences 18, pp. 1369–

1382 (cit. on p. 54).

Evans, I. S. (2012). ‘Geomorphometry and landform mapping: What is a landform?’

Geomorphology 137.1, pp. 94–106 (cit. on p. 66).

Everard, M. and Powell, A. (2002). ‘Rivers as living systems.’ Aquatic Conservation:

Marine and Freshwater Ecosystems 12.4, pp. 329–337 (cit. on p. 29).

Fairweather, P. G. (1999). ‘State of environment indicators of ‘river health’: Explor-

ing the metaphor.’ Freshwater Biology 41.2, pp. 211–220 (cit. on p. 81).



126 references

Falkenmark, M. (1981). ‘Integrated view of land and water. The new cornerstone

in environmental planning.’ Geogra�ska Annaler. A, Physical Geography 63.3,

p. 261 (cit. on p. 77).

Falkenmark, M. (1990). ‘Global water issues confronting humanity.’ Journal of Peace

Research 27.2, pp. 177–190 (cit. on p. 79).

Feng, J., Wang, T., Qi, S., and Xie, C. (2005). ‘Land degradation in the source re-

gion of the Yellow River, northeast Qinghai-Xizang Plateau: Classi�cation and

evaluation.’ Environmental Geology 47.4, pp. 459–466 (cit. on p. 34).

Fielding, E., Isacks, B., Barazangi, M., and Duncan, C. (1994). ‘How �at is Tibet?’

Geology 22.2, pp. 163–167 (cit. on p. 27).

Flecker, A. S. and Townsend, C. R. (1994). ‘Community-wide consequences of trout

introduction in New Zealand streams.’ In: Ecosystem Management. Springer,

pp. 203–215 (cit. on p. 88).

Foggin, M. (2005). ‘Highland encounters: Building new partnerships for conserva-

tion and sustainable development in the Yangtze River headwaters, the heart

of the Tibetan Plateau, China.’ In: Innovative Communities: People Centered Ap-

proaches to Environmental Management in the Asia-Paci�c region. Ed. by J. Ve-

lasquez, M. Yashiro, S. Yoshimura, and I. Ono. United Nations University Press,

pp. 26–31 (cit. on p. 27).

Folke, C. (2006). ‘Resilience: The emergence of a perspective for social–ecological

systems analyses.’ Global Environmental Change 16.3, pp. 253–267 (cit. on p. 12).

Foreman, D. (1995). ‘Wilderness: From scenery to nature.’ In: The Great NewWilder-

ness Debate. Ed. by J. B. Callicott and M. P. Nelson. Athens, Georgia: University

of Georgia Press, pp. 15–33 (cit. on p. 72).

Frissell, C. A., Liss, W. J., Warren, C. E., and Hurley, M. D. (1986). ‘A hierarchical

framework for stream habitat classi�cation: Viewing streams in a watershed

context.’ Environmental Management 10.2, pp. 199–214 (cit. on p. 31).

Fryirs, K. A. (2015). ‘Developing and using geomorphic condition assessments for

river rehabilitation planning, implementation and monitoring.’ Wiley Interdisci-

plinary Reviews: Water 2.6, pp. 649–667 (cit. on pp. 23, 24, 79).

Fryirs, K. A. and Brierley, G. J. (2009). ‘Naturalness and place in river rehabilitation.’

Ecology and Society 14.1, p. 10 (cit. on pp. 11, 29, 111).



references 127

Fryirs, K. A. and Brierley, G. J. (2010). ‘Antecedent controls on river character and

behaviour in partly con�ned valley settings: Upper Hunter catchment, NSW,

Australia.’ Geomorphology 117.1-2, pp. 106–120 (cit. on pp. 20, 23, 29, 110).

Fryirs, K. A., Brierley, G. J., Preston, N. J., and Kasai, M. (2007). ‘Bu�ers, barriers and

blankets: The (dis)connectivity of catchment-scale sediment cascades.’ Catena

70, pp. 49–67 (cit. on p. 44).

Fryirs, K. A., Spink, A., and Brierley, G. J. (2009). ‘Post-European settlement re-

sponse gradients of river sensitivity and recovery across the upper Hunter catch-

ment, Australia.’ Earth Surface Processes and Landforms 34.7, pp. 897–918 (cit. on

p. 30).

Funtowicz, S. O. and Ravetz, J. R. (1991). ‘A new scienti�c methodology for global

environmental issues.’ In: Ecological Economics: The Science and Management of

Sustainability. Ed. by R. Costanza. New York: Columbia University Press (cit. on

pp. 11, 74).

Funtowicz, S. O. and Ravetz, J. R. (1993). ‘Science for the post-normal age.’ Futures

25.7, pp. 739–755 (cit. on pp. 11, 54, 102, 113).

Funtowicz, S. O. and Ravetz, J. R. (1994). ‘Emergent complex systems.’ Futures 26.6,

pp. 568–582 (cit. on p. 106).

Funtowicz, S. O. and Ravetz, J. R. (1992). ‘The good, the true and the post-modern.’

Futures 24.10, pp. 963–976 (cit. on pp. 54, 102).

Gao, X. J. and Feng, L. (2002). ‘Estimation of the sedimentation in Longyangxia

Reservoir.’ Journal of Sediment Research 1, pp. 78–80 (cit. on p. 33).

Gavey, N. (1989). ‘Feminist poststructuralism and discourse analysis: Contributions

to feminist psychology.’ Psychology ofWomenQuarterly 13.4, pp. 459–475 (cit. on

pp. 10, 51, 101).

Gillings, M. R. and Hagan-Lawson, E. L. (2014). ‘The cost of living in the Anthro-

pocene.’ Earth Perspectives 1.1, p. 2 (cit. on p. 12).

Goodman, J. M., Dunn, N. R., Ravenscroft, P. J., Allibone, R. M., Boubee, J. A. T.,

David, B. O., Gri�ths, M., Ling, N., Hitchmough, R. A., and Rolfe, J. R. (2014).

Conservation Status of New Zealand Freshwater Fish, 2013. New Zealand: Depart-

ment of Conservation (cit. on p. 87).

Goodwin, C. (1999). ‘Fluvial classi�cation: Neanderthal necessity or needless nor-

malcy.’ Wildland Hydrology June/July, pp. 229–236 (cit. on p. 30).



128 references

Gordon, J. E., Barron, H. F., Hansom, J. D., and Thomas, M. F. (2012). ‘Engaging

with geodiversity - why it matters.’ Proceedings of the Geologists’ Association 123,

pp. 1–6 (cit. on p. 28).

Gould, S. J. (1996). The Mismeasure of Man. Rev. and expanded. New York: Norton

(cit. on p. 97).

Graf, W. L. (2001). ‘Dam age control: Restoring the physical integrity of America’s

rivers.’ Annals of the Association of American Geographers 91.1, pp. 1–27 (cit. on

p. 78).

Gray, M. (2004). Geodiversity: Valuing and Conserving Abiotic Nature. Chichester:

Wiley (cit. on pp. 14, 24, 25, 28, 61).

Gray, M. (2008). ‘Geodiversity: Developing the paradigm.’ Proceedings of the Geol-

ogists’ Association 119.3-4, pp. 287–298 (cit. on pp. 24, 28).

Gray, M. (2011). ‘Other nature: Geodiversity and geosystem services.’ Environmen-

tal Conservation 38.03, pp. 271–274 (cit. on pp. 25, 28).

Gregory, C. E., Brierley, G. J., and Le Heron, R. (2011). ‘Governance spaces for sus-

tainable river management.’ Geography Compass 5.4, pp. 182–199 (cit. on p. 82).

Gregory, D. (1989). ‘Areal di�erentiation and post-modern human geography.’

In: Horizons in Human Geography. Ed. by D. Gregory and R. Walford. London:

Macmillan Education UK, pp. 67–96 (cit. on p. 10).

Gregory, K. (2006). ‘The human role in changing river channels.’ Geomorphology

79.3-4, pp. 172–191 (cit. on p. 79).

Gudsell, K. and Bramwell, C. (2017). ‘New swimmable standard ’less stringent’ -

NIWA.’ RNZ. http://www.radionz.co.nz/news/national/330571/new-swimmable-

standard-’less-stringent’-niwa (cit. on p. 71).

Guha, R. (1989). ‘Radical American environmentalism and wilderness preservation:

A third world critique.’ Environmental Ethics 11.1, pp. 71–83 (cit. on pp. 72, 80).

Haggerty, J. H. (2007). ‘“I’m not a greenie but. . . ”: Environmentality, eco-populism

and governance in New Zealand: Experiences from the Southland whitebait �sh-

ery.’ Journal of Rural Studies 23.2, pp. 222–237 (cit. on p. 87).

Hamylton, S. (2014). ‘Critical cartography and the use of new technologies for con-

serving the Australian coastline: A case study from Lord Howe Island.’Geograph-

ical Research 52.1, pp. 65–73 (cit. on p. 57).



references 129

Harden, C. (2012). ‘Framing and reframing questions of human–environment in-

teractions.’ Annals of the Association of American Geographers 102.4, pp. 737–741

(cit. on p. 53).

Harris, R. (2010). ‘Rangeland degradation on the Qinghai-Tibetan plateau: A review

of the evidence of its magnitude and causes.’ Journal of Arid Environments 74.1,

pp. 1–12 (cit. on p. 34).

Harrison, S. (2001). ‘On reductionism and emergence in geomorphology.’ Transac-

tions of the Institute of British Geographers 26.3, pp. 327–339 (cit. on pp. 11, 29,

60, 96, 104, 107).

Harrison, S., Massey, D., and Richards, K. (2006). ‘Complexity and emergence (an-

other conversation).’ Area 38.4, pp. 465–471 (cit. on pp. 11, 60, 107).

Hart, B. T., Maher, B., and Lawrence, I. (1999). ‘New Generation Water Quality

Guidelines for Ecosystem Protection.’ Freshwater Biology 41.2, pp. 347–359 (cit.

on p. 84).

Hartshorne, R. (1939). ‘The nature of geography: A critical survey of current

thought in the light of the past.’ Annals of the Association of American Geogra-

phers 29.3, pp. 173–412 (cit. on pp. 9, 25).

Harvey, D. (1974). ‘What kind of geography for what kind of public policy?’ Trans-

actions of the Institute of British Geographers 63, p. 18 (cit. on pp. 52, 101).

Harvey, D. (1984). ‘On the history and present condition of geography: An his-

torical materialist manifesto.’ The Professional Geographer 36.1, pp. 1–11 (cit. on

p. 101).

Haskell, B. D., Norton, B. G., and Costanza, R. (1992). ‘What is ecosystem health

and why should we worry about it?’ In: EcosystemHealth: New Goals for Environ-

mental Management. Ed. by R. Costanza, B. G. Norton, and B. D. Haskell. Island

Press (cit. on p. 83).

Henriques, J., Hollway, W., Urwin, C., Venn, C., and Walkerdine, V., eds. (1998).

Changing the subject: Psychology, social regulation, and subjectivity. London; New

York: Routledge (cit. on pp. 10, 97).

Hermoso, V. and Clavero, M. (2013). ‘Revisiting ecological integrity 30 years later:

non-native species and the misdiagnosis of freshwater ecosystem health.’ Fish

and Fisheries 14.3, pp. 416–423 (cit. on p. 88).



130 references

Heyman, J. (2010). ‘Palaeoglaciology of the northeastern Tibetan Plateau.’ PhD the-

sis. Stockholm: Stockholm University: Department of Physical Geography and

Quaternary Geology (cit. on p. 32).

Hiers, J. K., Jackson, S. T., Hobbs, R. J., Bernhardt, E. S., and Valentine, L. E. (2016).

‘The precision problem in conservation and restoration.’ Trends in Ecology &

Evolution 31.11, pp. 820–830 (cit. on pp. 24, 54, 74).

Higgs, E., Falk, D. A., Guerrini, A., Hall, M., Harris, J., Hobbs, R. J., Jackson, S. T.,

Rhemtulla, J. M., and Throop, W. (2014). ‘The changing role of history in restora-

tion ecology.’ Frontiers in Ecology and the Environment 12.9, pp. 499–506 (cit. on

p. 86).
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