
Assessing geomorphic river sensi�vity in Richmond Catchment, NSW, Australia

Contemporary river forms and processes can be heavily influenced by the legacies of anthropogenic disturbances to river systems. 
Knowledge of the historical range of river adjustment can be used to develop an understanding of a rivers’ ‘expected’ character 
and behaviour.
 
Here we present an approach to assess and quan�fy reach scale behavioural sensi�vity, 
defined as the ease with which geomorphic units and associated water, sediment and 
vegeta�on interac�ons adjust within the expected behavioural regime. 
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3. Calculate Behavioural Sensi�vity 4. Distribu�on of Behavioural Sensi�vity classes across the catchment

Fragile rivers (behavioural sensitivity > 75%)
has propensity to undergo wholesale river change

Resistant rivers (behavioural sensitivity < 5%)
able to resist adjustment

Insensitive rivers (behavioural sensitivity 5 - 20%)
slowly responding, antecedence controlled

Passive sensitive rivers (behavioural sensitivity 20 - 50%)
able to withstand adjustment within its behavioural
regime

Active sensitive rivers (behavioural sensitivity 50 - 75%)
able to re-con�igure by adjusting within its behavioural
regime
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Contemporary river forms and processes can be heavily influenced by the legacies of anthropogenic disturbances
to river systems. Knowledge of the historical range of river adjustment can be used to develop an understanding
of a river's ‘expected’ character and behaviour. Drawing upon the case study of Richmond River Catchment, New
SouthWales, Australia, we track the history of geomorphic river adjustment from the time of European colonisa-
tion in the mid-late nineteenth century. We use this study to develop an approach, called the ‘Behavioural sensi-
tivity logical tree’ that can be applied to assess and quantify reach scale behavioural sensitivity, defined as the ease
with which geomorphic units and associated water, sediment and vegetation interactions adjust within the ex-
pected behavioural regime. We use the results to categorise rivers as Fragile, Active sensitive, Passive sensitive, In-
sensitive and Resistant.
Fragile rivers have a behavioural sensitivity N75% and have the propensity to undergo wholesale river change
such that a new river type and behavioural regime is created. Active sensitive rivers have a behavioural sensitivity
ranging from 50%–75% and have the ability to re-configure within their contemporary behavioural regime. The
behavioural sensitivity of Passive sensitive rivers lies between 20%–50%. These rivers have the ability tomaintain
their behavioural regime and withstand adjustment. Insensitive rivers have a behavioural sensitivity ranging
from 5%–20%. They do not readily adjust andmay contain significant antecedent elements that limit geomorphic
adjustment. Resistant rivers have a behavioural sensitivity b5% and because of the imposed geological setting
cannot readily adjust. We further discuss the evolutionary nature of behavioural sensitivity itself and how rivers
can dynamically evolve and shift to a different sensitivity category over time in response to different forms of di-
rect and indirect disturbances.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

In an era of degrading and depleting water resources, amplified by
global climate change and increase in human population, management
of freshwater resources is a high priority (Qin et al., 2019; Vorosmarty,
2000). Given the ubiquitous human impact on the fluvial landscape, the
persisting legacies of anthropogenic alterations can considerably influ-
ence contemporary river forms and processes (Walter and Merritts,
2008;Wohl, 2019). Against this omnipresent backdrop, has been a grow-
ing need to understand a river's ‘expected’ or ‘natural’ character and be-
haviour, particularly in the context of determining what is realistically
achievable in river rehabilitation and restoration (Bernhardt, 2005;
Fryirs et al., 2015, 2012;Malakoff, 2004;Wohl et al., 2012).Moreover, les-
sons learned from the past have taught us that “it pays to do the painstak-
ing work of historical sleuthing” (Montgomery, 2008; p. 282) even in
areas thought to define benchmarks in understanding. Suchwork situates
understandings about contemporary river response within an historical

context and provides the basis for forecasting possible future responses
to a range of disturbance events (Brierley and Fryirs, 2016; Downs and
Gregory, 2014; Fitzpatrick and Knox, 2000; Fryirs et al., 2012; Gregory
and Lewin, 2015; Lane, 2013; Wohl, 2017; Wohl et al., 2012).

One key concept that can be used is river sensitivity (Fryirs, 2017).
Various studies have been conducted that assess river sensitivity atmul-
tiple spatial and temporal scales and geomorphologists have used a
range of terminology to describe complex river responses to distur-
bance events: event sensitivity, degrees of instability, resilience, non-
resilience, sensitive, robust, hypersensitive, over-relaxed and insensi-
tive (Allison and Thomas, 1993; Brunsden and Thornes, 1979; Buckley,
1991; Chorley et al., 1984; Crozier, 1986; Downs and Gregory, 2014,
1995; Fitzpatrick and Knox, 2000; Fryirs et al., 2015, 2009; Fryirs,
2017; Fuller et al., 2019; Gordon et al., 2001; Graf, 1982, 1979; Piégay
et al., 2018; Quine and Brown, 1999; Reid and Brierley, 2015;
Schumm, 1998, 1988, 1985, 1976; Thomas, 2001; Thoms et al., 2018;
Tooth, 2018). Schumm (1985) identified sensitivity as one of the
seven reasons for geological uncertainty because of the variable spatial
response of different landscape compartments to similar magnitude
disturbance events. However, despite providing solid foundations for
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