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ABSTRACT 

Many lowland fluvial systems are suspected to possess a morphological legacy from a long 
history of channel modifications as a consequence of limited energy and sediment supply to 
facilitate recovery.  We explore the extent of such modifications using a regionally extensive 
dataset of physical habitat surveys compiled by non-specialist surveyors. Representative 
photographs for each surveyed site were used to quality check channel width, depth and 
bed grain size information derived from Modular River Physical (MoRPh) surveys. Following 
checking, 1,659 surveys were retained for analysis from alluvial sites, almost entirely in 
England. The photographs were also inspected for evidence of clear ‘overdeepening’ that 
would preclude frequent overtopping of the lower bank top.  Results indicated that almost 
one third of the sites were overdeepened, that width-to-depth ratios defined using the 
active bed width showed stronger discrimination of overdeepening than bankfull width, that 
highly statistically significant identification of overdeepened channels was possible in 
channels up to 10 m wide and with only minimal differences attributable to channel bed 
materials.  Stepwise regression analysis estimated relationships between channel width-to-
depth ratios and channel size for overdeepened and non-overdeepened channels. We 
demonstrate that large data sets collected by numerous non-specialists surveyors can, with 
careful filtering, generate statistically robust results of geomorphological value over areas 
larger than is otherwise practicable. Furthermore, we reveal a notable legacy of 
overdeepening in the analysed lowland rivers, which presents a significant 
‘hydromorphological’ management challenge. 
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1. INTRODUCTION 

Rivers and streams worldwide have undergone intentional flow manipulation, channel and 
floodplain modification, especially in the alluvial lowlands.  This has been the case in the UK 
for at least 1000 years (Parker, 1976; Brookes et al., 1983; Brookes, 1988; Sheail, 1988).  
Beginning with alterations for weirs, mills and fisheries, the pace of modification accelerated 
to ensure navigation (Priestly 1983 in Brookes 1988) and subsequently as floodplains were 
transformed by roads, railways, aggregate mining, industrial development, reservoirs, urban 
expansion and engineering during the seventeenth and eighteenth centuries (Lewin, 2013).  
More recently, a ‘Great Acceleration’ (Steffan et al., 2013) in riverine human impacts has 
occurred globally since the mid-twentieth century (Downs and Piégay, 2019), with 
morphological impacts synchronous with catastrophic global losses in freshwater aquatic 
biodiversity (WWF, 2020). Our focus on the consequences of human impacts for river 
channel morphology is particularly appropriate in this special issue of Earth Surface 
Processes and Landforms dedicated to the memory of Professor Ken Gregory, because he 
devoted so much of his research to this topic (Gurnell et al., 2021). 

Many lowland systems now possess a legacy of river channel modification, with 
contemporary river channel dimensions not adjusted to the prevailing flow and sediment 
transport regime. Unless this occurs as a result of structural reinforcement or ongoing 
channel maintenance, the likelihood is that such channels possess low stream power and 
low sediment supply which has prevented morphological recovery – they are behaviourally 
insensitive (e.g., Downs and Gregory, 2004; Fryirs, 2017; Khan and Fryirs, 2020). The 
morphological legacy can take many forms, but channel ‘overdeepening’, where channels 
are to some degree hydrologically disconnected from their riparian margins and floodplain, 
can result in numerous consequences for river ecosystems.  Beyond direct alteration of in-
channel physical habitats, and changes to hydraulic habitats during high flows that are now 
contained in-bank, overdeepening changes the frequency and depth of out-of-bank flows 
reducing exchanges of sediments, organic material, nutrients and biota between channel 
and floodplain. In addition, lowered river beds induce draw-down in the near-channel water 
table, drying riparian and floodplain wetland habitats and altering hyporheic flows.  We use 
the term ‘overdeep’ rather than ‘incised’ to acknowledge the frequency with which, in 
populated areas, such disconnection is not only the result of incision lowering the channel 
bed, but may also result from the bank tops being raised relative to the bed.  

The modification legacy of lowland rivers is typically attributable to multiple causes. 
Primarily, it results from direct engineering modifications to enhance land drainage and flow 
conveyance (e.g., Brookes, 1988) and flow and sediment transfer modifications associated 
with flow regulation (Petts, 1988).  Actions frequently included re-sectioning channels for 
urban drainage or where the river is the main artery of agricultural field drainage.  Lowered 
bed elevations were maintained by ‘maintenance’ (dredging) and de-snagging (vegetation 
removal) to maintain flow conveyance.  Where floodplain infrastructure also required flood 
protection, embankment or flood wall construction raised bank tops relative to the river 
bed, increasing the effective channel depth.  Engineering modifications also resulted in 
overdeepening indirectly, through knickpoint migration and incision of the channel bed 
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upstream of straightened channels. Downstream channel capacity changes include bed 
incision where peak flow magnitudes were increased by drainage network ‘improvements’ 
related to land use change.  Despite revisions in river management since about 1990 to 
work more closely with natural processes (e.g., Brookes and Shields, 1996; Downs and 
Gregory, 2004; Darby and Sear, 2008; Roni and Beechie, 2012), the low energetic status of 
many floodplain rivers (see Brookes, 1987) means that recovery from past human pressures-
interventions can be minimal. 

Determining the modification legacy in small rivers can be difficult because local attributes 
obscure the consistent relationships between the ‘bankfull’ descriptors of channel geometry 
typically used to compile regional relationships (e.g., Leopold and Maddock, 1953; Williams, 
1978; Hedman and Osterkamp, 1982; Wharton, 1992; Dingman and Afshari, 2018).  
Confounding attributes include in-channel and riparian vegetation overriding low energy 
geomorphic processes, bank top management and riparian vegetation effectively concealing 
reliable identification of ‘bankfull’ indicators, and piecemeal engineering associated with 
floodplain development resulting in a complex pattern of legacy channel impacts in close 
proximity (e.g., Gregory et al., 1992).  Robustly estimating the morphological legacy of 
human actions in the lowlands thus requires large data sets that can override the ‘noise’ 
inherent in analysis of individual channels, but regionally-extensive river geomorphological 
databases are rare. However, some geomorphological information can be extracted from 
river habitat surveys which are widely collected to support river assessment and 
management (Belletti et al., 2015; Gurnell et al., 2020) and often include records of channel 
dimensions and bed materials. Furthermore, such data are being increasingly collected by 
volunteers as well as river professionals. Here, we reveal potentially significant research 
results from an initial analysis of such a data set collected using the Modular River Physical 
survey (MoRPh), a geomorphologically-informed habitat survey designed for use by 
volunteers (Gurnell et al., 2019) and recently by river professionals in determining river 
condition (Gurnell et al., 2020).  MoRPh has been applied extensively in small rivers and 
streams. Through our analysis, we explore the potential of information from river habitat 
surveys conducted for predominantly non-geomorphological purposes to characterise the 
contemporary form of small rivers and streams. We also illustrate some of the challenges of 
using such data sets.  

Focusing on wadeable, lowland alluvial rivers and streams located primarily in England, a 
landscape with a long legacy of human impacts, we investigate the degree to which multi-
surveyor habitat data can identify overdeepened streams and rivers. We interpret whether 
channels are overdeep from photographs and then investigate the potential of the derived 
channel width-to-depth ratio as an indicator of overdeepening. Specifically, we explore the 
following three research hypotheses:  

(i) Large data sets collected predominantly by volunteers can yield robust data on 
river channel dimensions if the observations are carefully selected and prepared 
before any analysis. 

(ii) Such data sets can support discrimination of overdeep status among channels, 
shedding light on a legacy of channel modification. 
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(iii) For small rivers subject to human actions, a channel width measure 
approximating the active bed width supports better discrimination of overdeep 
channels than the bankfull width when incorporated into a width-to-depth ratio 
with the overtopping depth of the channel. 

 

 

Figure 1: A. Six channel dimensions (1 to 6) measured or estimated in the field at the mid-point of 
each MoRPh module and the three dimensions (wm, wbf, d) used in the present analysis. B. Locations 
of MoRPh surveys in England and Wales downloaded for the present analysis. 

 

2. METHODS 

2.1  Data source 

The MoRPh survey was designed for citizen scientists to monitor physical habitats and 
human pressures in small (typically < 30 m wide) rivers and streams within short (< 40 m) 
river lengths called modules. These volunteer-driven ‘Citizen Science’ surveys are held 
within an open workspace (https://modularriversurvey.org/) that generates publicly-
viewable maps and provides the data set that is analysed below. Full details of this citizen 
science survey method (Gurnell et al., 2019) and its recent incorporation into a River 
Condition Assessment for professional use (Gurnell et al., 2020) are published. Here, we 
only describe the specific elements (channel dimensions, average bed particle size class and 
photographs) of a MoRPh module survey that are relevant to the present analysis.  

Six river channel dimensions are measured or estimated at each MoRPh module mid-point 
(Figure 1A). The ‘MoRPh width’ (dimension (1), Figure 1A, hereafter referred to as wm), 
approximates the active river bed width (the water width at the time of survey plus the 
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width of any exposed areas of the bed and low-profile lateral features such as bars and 
vegetated berms).  The bankfull width (dimension (4), Figure 1A, hereafter referred to as 
wbf) is the channel width at the height of the lower ‘bank’ top or first major break of slope in 
the bank profile (the level at which water can spread beyond the channel edge).  

The areal abundance of bed material size classes (boulder, cobble, gravel-pebble, sand, silt, 
clay) is recorded using a simple areal scale (A=absent, T=trace (<5% cover), P=present (5-
<33% cover), E=extensive (>33%)). These data are combined to generate an area-weighted 
average bed particle size class for each MoRPh module (see Gurnell et al., 2020 supporting 
information). 

To aid quality control, surveyors also capture up to four photographs of each surveyed 
module.  

 

2.2  Extracting channel dimension data 

In November 2020, all MoRPh surveys were downloaded from the above-described data 
source to support the present analysis. All multi-surveyor data sets are subject to operator 
variance and may have other properties which render them unsuitable for analysis. 
Therefore, a rigorous filtering process was developed to produce a data set of good quality: 

(i) Only surveys recording wm (introduced from August 2017), were retained. 
(ii) Surveys were excluded where: 

a. they were duplicates (i.e., repeat surveys at the same site on different dates). 
One survey was retained for each site. 

b. no photographs had been uploaded, or 
c. photographs did not clearly illustrate channel dimensions;  
d. showed a tightly confined river without clear geometric bank tops whose height 

could be accurately measured by non-specialist surveyors;  
e. showed reinforcement of river bed and/or both banks such that channel 

dimensions could not respond to fluvial processes. Rivers with only one bank 
reinforced were retained, since adjustment is possible on the opposite bank and 
bed; 

f. suggested that measured channel dimensions were so unreliable that they could 
not be corrected/scaled using the photographs. 

(iii) Bed material size data was filtered to retain essentially alluvial systems by excluding 
surveys with: 
a. entirely bedrock channels. 
b. exposed bedrock channels with average bed material size of boulder or cobble. 
c. channels where the coarsest bed material size was boulder and the average size 

was cobble. 

Rules b and c provided a conservative representation of sites with potentially mobile 
beds, and recognised that distinguishing between cobble and gravel-pebble can be 
challenging for non-specialist surveyors. 
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2.3 Identifying overdeep channels 

For each of the retained surveys, the photograph that most clearly characterised channel 
dimensions was inspected by a single geomorphologist to judge the degree to which the 
channel appeared to be ‘overdeep’ (i.e. sufficiently deep to prevent water overtopping of 
the lower bank with a reasonable frequency, e.g. 1- to 2-year recurrence interval). Judgment 
considered a combination of evidence including the extent and apparent lack of disturbance 
of bank face terrestrial vegetation; the extent of active bank erosion; and the presence of 
landforms, particularly any benches present on bank faces. Such benches may be remnants 
of a previous (now incised) river bed or depositional features (aggraded berms) potentially 
indicating the level of new bank tops developing within an overdeep channel. Each survey 
was judged to represent a clearly overdeep/disconnected channel (Y), a possibly 
overdeep/disconnected channel (P), or a channel with apparent capacity for bank 
overtopping flows to occur with reasonable frequency (N).  

2.4 Data Analysis 

Two measures of channel width were considered to contribute to the identification of 
overdeep channels using a width-to-depth ratio. Bankfull width (wbf) is the measure most 
widely adopted by geomorphologists but its response to external stimuli can be complex 
(e.g., Anderson et al., 2004; Leece, 2013).  In the modified low energy rivers under 
consideration, wbf as a measure of the upper bank width is very infrequently influenced by 
fluvial processes and may respond very slowly to their forcing. Conversely, wm, measured at 
elevations near to the bank toe, will be far more frequently influenced by fluvial processes 
and may respond more rapidly and consistently subsequent to human modifications. 
Furthermore, wm, as a surrogate for active bed width, is also more readily delimited by non-
specialist surveyors and thus may be an inherently more robust measure in the utilised data 
set. In all calculated width-to-depth ratios, the channel depth (d) was computed as the sum 
of the lower bank height (the smaller of dimensions (2) or (3), Figure 1A) and average water 
depth (dimension (6), Figure 1A). 

Differences in wm/d and wbf/d between rivers and streams assessed to be overdeep (Y), 
possibly overdeep (P) and not overdeep (N) were visualised using cumulative relative 
frequency histograms for the whole retained data set, and subsequently for three subsets 
representing different channel width ranges (wm < 5 m, 5 m < wm <10 m, wm > 10 m). Similar 
visualisations considered sites with different average bed material size (cobble, gravel-
pebble, sand, silt-clay).  The statistical significance of apparent differences among channels 
judged to be N, P or Y were explored using Kruskal Wallis tests followed by pairwise 
comparisons (Dunn’s procedure) with Bonferroni correction computed using XLSTAT 
(version 2020.5.1) 

Differences in the ability of wm/d and wbf/d to discriminate among sites interpreted to be 
overdeep (Y, P, N) were visualised using scatter plots incorporating wm/d, wbf/d, wm, and 
wbf.  Differences were also investigated using stepwise multiple regression analysis with Y 
and P incorporated as dummy variables taking the value of 1 or 0 for Y and P according to 
the overdeep assessment of each site and computed using Minitab (version 19.2020.1). 
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3. RESULTS 

3.1 Data preparation 

Almost 4,000 surveys were downloaded, mainly from England (Figure 1B). These were 
filtered according to the previously described criteria to produce 1,659 surveys of alluvial 
sites with data of sufficient quality for the intended analysis. 1,586 (95.4%) survey sites were 
from England with the remaining 73 (4.6%) sites in Belgium, Czech Republic, Republic of 
Ireland, Scotland and Wales. 116 sites had incomplete bed material observations because of 
poor visibility at the time of survey but were interpreted to be alluvial from the 
photographs, reducing the data set to 1543 sites in analyses that require bed material 
information. Adjustments were made to at least one of the recorded channel dimensions at 
220 sites using the photographic evidence and usually to correct misinterpretation of 
measurement protocols rather than markedly inaccurate measurements.  

3.2 Trends in overdeepening across rivers of different size and bed material 

Nearly one-third of the investigated sites were estimated to consist of overdeepened 
channels (Y), rising to nearly one-half when possibly overdeepened channels (P) are 
included (Table 1).  The proportion of overdeepened channels was greater in smaller 
streams, with overdeepening in 45% of channels with wm < 5 m (61% for both Y and P 
categories) decreasing to only 4% of channels with wm > 10 m channels (16% Y and P) (Table 
1). 

Cumulative relative frequency histograms visualise values of wm/d and wbf/d for sites 
assigned to overdeep categories (Y, P and N) both across all 1659 sites (Figure 2 A, B) and for 
subsets of channels of differing width (wm < 5 m, Figure 2 C and D; 5 m < wm < 10 m, Figure 2 
E and F; wm > 10 m, Figure 2 G and H). The cumulative histograms show similar trends, 
whether displaying wm/d or wbf/d. However, wm/d gives a clearer distinction between Y, P 
and N categories (compare Figure 2 A, C, E, G, respectively, with B, D, F, H). Most Y-category 
channels occur at the lowest wm/d ratios (wm/d < 2 for all channels and for those < 5 m wide 
(Figures 2 A, C); < 3 for those > 5m and < 10m wide Figure 2 E) and < 5 for channels > 10 m 
wide (Figure 2G)). Conversely, virtually all channels with larger wm/d ratios, are classified N 
(wm/d > 6 for all channels and for channels < 10 m wide (Figure 2 A, C, E); > 7 for channels > 
10 m wide, Figure 2 G). The statistical significance of these observations is confirmed by 
Kruskal Wallis tests (Table 1). Using a threshold probability of P=0.0001, there are highly 
significant differences in wm/d between all Y, P and N category channels apart from those 
for the widest rivers, where Y and P categories are not significantly different but sample 
sizes for Y (n=8) and P (n=24) are very small. In contrast, at the same threshold probability, 
wbf/d does not show such statistically strong discrimination among channels assigned to Y, P 
and N categories (Table 1). 

Cumulative relative frequency histograms of wm/d and wbf/d according to bed material size 
(Figure 2 I, J) show considerable overlap in Y, P, N categories across the four average bed 
material size classes, although cobble-bed rivers appear to have generally lower wm/d and 
wbf/d than the other bed material sizes. However, following removal of the coarsest bed 
rivers during site selection, only a small number of sites (24) classify as cobble in comparison 
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with gravel-pebble (587), sand (583) and silt-clay (349). Kruskal Wallis tests identify 
statistically significant differences (P < 0.0001) among the bed material categories (Table 1) 
with wm/d again showing stronger discrimination than wbf/d, and indicating that cobble and 
silt-clay sites showed significantly different (smaller) values of wm/d than the gravel-pebble 
and sand sites. 

 

Figure 2: Cumulative relative frequency histograms of wm/d and wbf/d for channels in overdeep 
categories Y, P, N for all sites (A, B), for channels with wm < 5m (C, D), for channels with wm > 5 m and 
< 10 m (E, F), for channels with wm > 10 m (G, H), and for all sites with bed material data, according 
to their bed material size (I, J).   
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Table 1: Significant differences in wm/d and wbf/d across sites assigned to Y, P and N overdeep 
categories and also to bed material categories based on Kruskal Wallis tests followed by pairwise 
comparisons using Dunn’s procedure with Bonferroni correction. 

Data set Number of sites in each category K statistic1 

Significant 
differences 

between 
categories2 
(p<0.0001) 

Overdeep? Y P N    

All sites (n=1659) 513 282 864    
wm/d     1113.3 Y < P < N 
wbf/d     767.4 Y < P < N 
       
Sites where wm < 5 m 
(n=906) 410 141 355    

wm/d     611.5 Y < P < N 
wbf/d     343.0 Y, P < N 
       
Sites where wm > 5 m 
and < 10 m (n=549) 95 117 337    

wm/d     340.3 Y < P < N 
wbf/d     237.1 Y, P < N 
       
Sites where wm > 10 m 
(n=204) 8 24 172    

wm/d     52.8 Y, P < N 
wbf/d     29.0 P < N 
       
Bed material CO3 GP3 SA3 SI+CL3   
All sites (n=1543) 24 587 583 349   
wm/d     34.0 GP,SA > CO, SI+CL 
wbf/d     25.0 GP > SI+CL 
       

1 in all cases, degrees of freedom = 2, K critical value = 5.99, p<0.0001 
2 in all cases a threshold of  p < 0.0001 is used to identify statistically significant differences 
3 CO – cobble, GP – gravel-pebble, SA – sand, SI+CL – silt and clay 

 

3.3 Robustness of wbf and wm as indicators of overdeepening 

Figure 3 illustrates relationships among wm, wbf, wm/d and wbf/d for the 1,659 sites. There is 
considerable variance in wbf for any specific value of wm (Figure 3A), and thus considerable 
variance in wbf/d for any given value of wm/d (Figure 3B). Furthermore, when wm/d or wbf/d 
are plotted against wm or wbf, variance in the data increases with increasing magnitude on 
either axis. Log10-transformation of both axes reduces this variability in variance (C, D, E, 
Figure 3), providing data sets more likely to deliver a homoscedastic distribution in the 
residuals from estimated regression models. 
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Figure 3. Scatter plots for 1,659 sites of A. MoRPh width (wm) against bankfull width (wbf), B. wm/d 
against wbf/d, C. log10(wm/d) against log10(wm); D. log10(wbf/d) against log10(wbf); and E. log10(wm/d) 
against log10(wbf). The three lines overplotted on C, D and E represent estimated linear regression 
relationships, full details of which are presented in Table 2. 

 

Stepwise regression relationships estimated between log10(wm/d) or log10(wbf/d) (dependent 
variable) and log10(wm) or log10(wbf) (continuous independent variable) explored statistically 
the degree to which these variables can distinguish N, P and Y channel categories and the 
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difference in discriminatory power between the two measures, wm/d and wbf/d, of channel 
width-to-depth ratio (Table 2).  In each case, the regression analysis incorporated two 
dummy independent variables (Y and P) and two variables representing the interactions 
between these dummy variables and the continuous independent variable (Y*log10(wm), 
P*log10(wm) or Y*log10(wbf), P*log10(wbf)). Each regression relationships displayed in Table 2 
achieved the highest value of R2 (adjusted for degrees of freedom) for the stated 
combination of dependent and continuous independent variable while only incorporating 
independent variables with significant regression coefficients (p < 0.001). The regression 
model with the highest value of R2 (adj) incorporated log10(wm/d) as the dependent variable 
and log10(wm) as the continuous independent variable (R2(adj)=0.718, equations 1 to 4, 
Table 2), but this model incorporates wm in the dependent variable as well as being the 
continuous independent variable. A similar model incorporating log10(wbf/d) as the 
dependent variable and wbf as the continuous independent variable achieved a lower R2(adj) 
value of 0.573 (equations 5 to 8, Table 2). Lastly, a model that had a greater degree of 
independence in the dependent and independent variables by incorporating wm into the 
former and using wbf for the latter, achieved an intermediate value for R2(adj) of 0.650 
(Table 2, equations 9 to 12). These results demonstrate that wm/d is the width-to-depth 
ratio that discriminates most strongly between the Y, P and N overdeepening categories 
across the analysed sites. 

Regression models were also estimated for log10(wm/d) or log10(wbf/d) (dependent variable) 
and, respectively, log10(wm) or log10(wbf) (continuous independent variable) for two bed 
material subsets of the data that had displayed statistically significantly different values of 
wm/d: the silt-clay sites and the combined gravel-pebble and sand sites. Cobble sites were 
not included because of their small number. The estimated equations for the two subgroups 
that incorporated log10(wm/d) as the dependent variable and log10(wm) as the continuous 
independent variable were: 

Gravel-pebble and sand sites (R2(adjusted)=0.720): 

log10(wm/d) = 0.5308 - 0.3045 P - 0.5902 Y + 0.3463 log10(wm) + 0.1500 Y*log10(wm) 
 (eq.13) 

Silt-clay sites (R2(adjusted)=0.692):  

log10(wm/d) = 0.5515 - 0.4835 P - 0.6490 Y + 0.2545 log10(wm) + 0.3133 P*log10(wm) + 0.2872 
Y*log10(wm) (eq.14) 

Similar relationships were estimated for log10(wm/d) as the dependent variable and 
log10(wbf) as the continuous independent variable and for log10(wbf/d) as the dependent and 
log10(wbf) as the independent variable. In each case the selected model only incorporated 
regression coefficients with a probability of <0.001. In all cases, the R2(adj) values, 
respectively 0.658 and 0.578 for gravel-pebble and sand sites, respectively 0.591 and 0.518 
for silt-clay sites, were lower than for equations 13 and 14. These analyses once again 
support the greater discriminatory power of the width-to-depth ratio incorporating wm as 
the measure of channel width in the sample dataset. 
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Table 2. Regression models estimated between log10(wm/d) or log10(wbf/d) (dependent variables) and 
log10(wm), log10(wbf) (continuous independent variables), P, Y (dummy independent variables) and 
their interactions, with independent variable selection by the stepwise method (all regression 
coefficients significant at P<0.001). 

Dependent variable: log10(wm/d); Continuous independent variable: log10(wm); R2(adj) = 0.718 

log10(wm/d) = 0.5182 - 0.3082 P - 0.5947 Y + 0.3544 log10(wm) + 0.1638 Y*log10(wm)  (eq.1) 

Giving the following relationships for each overdeep category: 

For N:    log10(wm/d) = 0.5182 + 0.3544 log10(wm)  (eq.2) 
For P:    log10(wm/d) = 0.2100 + 0.3544 log10(wm)  (eq.3) 
For Y:    log10(wm/d) = -0.0765 + 0.5182 log10(wm)  (eq.4) 

 

Dependent variable: log10(wbf/d); Continuous independent variable: log10(wbf); R2(adj) = 0.573 

log10(wbf/d) = 0.6027 - 0.2652 P - 0.4841 Y + 0.3459 log10(wbf) + 0.1360 Y*log10(wbf)  (eq.5) 

Giving the following relationships for each overdeep category: 

For N:    log10(wbf/d) = 0.6027 + 0.3459 log10(wbf)  (eq.6) 
For P:    log10(wbf/d) = 0.3375 + 0.3544 log10(wbf)  (eq.7) 
For Y:    log10(wbf/d) = 0.1186 + 0.4819 log10(wbf )  (eq.8) 

 

Dependent variable: log10(wm/d); Continuous independent variable: log10(wbf); R2(adj) = 0.650 

log10(wm/d) = 0.5604 - 0.3377 P - 0.6233 Y + 0.2538 log10(wbf)    (eq.9) 

Giving the following relationships for each overdeep category: 

For N:    log10(wm/d) = 0.5604 + 0.2538 log10(wbf)  (eq.10) 
For P:    log10(wm/d) = 0.2227 + 0.2538 log10(wbf)  (eq.11) 
For Y:    log10(wm/d) = -0.0629 + 0.2538 log10(wbf)  (eq.12) 

 

 

4. DISCUSSION 

4.1 Research Hypotheses and Research Needs 

We hypothesised that large data sets collected predominantly by volunteers could yield 
quite robust data on river channel dimensions if the observations were carefully selected 
and prepared before any integrated analysis. This seems to be the case, given the clear 
patterns revealed by our analysis. However, it is important to recognise the significant effort 
required to examine every survey, identify duplicates, correct errors whenever feasible, and 
remove surveys that have missing or clearly erroneous observations.  

Our preliminary results also support our second hypothesis that analysis of the carefully 
prepared data allows discrimination between channels that are and are not overdeep 
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(Tables 1 and 2, Figure 2). One constraint was that the determination of overdeepening at 
each site was made entirely by a visual interpretation of photographic evidence by a single 
geomorpholologist. Further research could explore the potential operator variance among 
several geomorphologists undertaking this task.  

Our final hypothesis was that when measured channel dimensions represent the simple 
geometry of these modified river channels (regardless of the relative contributions of 
natural processes and human actions), a channel width measure approximating the active 
bed width better discriminates overdeep channels than the bankfull width when 
incorporated into a width-to-depth ratio with the overtopping depth of the channel. This 
hypothesis accommodates the commonplace modification of bank tops (channel widening, 
bank top raising) as part of management actions and the potential for more rapid recovery 
of the active channel bed of lowland rivers, which is continuously affected by fluvial 
processes. Whatever the cause, our analyses suggests that wm is a more robust indicator 
when attempting to identify whether or not a channel is overdeep (Table 2, Figure 3). 
However, it is important to note that use of wm/d results in smaller width-to-depth ratios 
than those traditionally calculated by geomorphologists. 

Overall, our analysis has supported our three hypotheses, but future research could 
incorporate data that cannot be extracted from river habitat surveys. The most notable 
omission is channel gradient. This is an important control on local flow energy and thus its 
ability to mobilise sediments and modify channel dimensions. Representative local channel 
gradient is notoriously difficult to measure in the field, but with the increasing availability of 
high-resolution lidar data, protocols could be developed to estimate channel gradient in a 
consistent way over short river lengths compatible with the extracted survey data. 
Furthermore, such estimated gradients could be combined with the most reliable 
morphological surrogate for discharge. In the absence of flow data, channel width is often 
used to estimate discharge (e.g., Wharton, 1992, 1995, Allen et al., 2020; Gleason and 
Durnad, 2020) and wm is probably the best measure, potentially contributing to a surrogate 
measure for total and unit stream power. 

4.2 Wider Implications  

The analysed data set of 1,659 surveys was entirely made up of sites within Europe of which 
96.4% were located in England, using a spatially extensive data set mined from physical 
habitat survey data collected by non-specialist surveyors and subsequently quality 
controlled by a geomorphology specialist. Of the 1,543 sites with complete bed material 
observations, 1.6% displayed an average bed material size of cobble, 38% were gravel-
pebble, 37.8% were sand and 22.6% were silt clay. Thus over 60% of sites (almost all in 
England) showed an average bed material size of sand or finer, indicative of low energy 
conditions. This is the context within which our results should be interpreted. 

The analysis provides a quantitative expression for the morphological legacy of several 
centuries of direct intervention and development activities (Brookes, 1988; Lewin, 2013) in 
smaller, low energy, alluvial rivers, combined with the ‘Great Acceleration’ in impacts since 
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the mid-twentieth century (Downs and Piégay, 2019). Several aspects of this quantitative 
expression may have relevance for low energy, human impacted streams more widely.  

First, the potential ubiquity of overdeepening is illustrated by the fact that almost one-third 
of the investigated sites were estimated to consist of overdeepened channels (almost one-
half if ‘possibly overdeepened’ channels are included). The proportion of overdeepened 
channels is greater in smaller streams, rising to 45% (Y) and 61% (Y+P) for channels with an 
active bed width of < 5 m.  Highly statistically significant differences between categories of 
overdeepened (Y: n=513), possibly overdeepened (P: n=282) or not overdeepened (N: 
n=864) channels appear to confirm the robustness of the technique. While some channels 
may be proportionately deeper because they possess a silt/clay channel bed, the statistical 
influence of channel bed material is minor, implying that overdeepening occurs primarily as 
a legacy of direct and indirect management actions from which the channel has not been 
able to recover. 

Second, channels that appear visually overdeepened have smaller width-depth ratios. 
Discrimination is most clearly indicated by wm/d rather than wbf/d. Statistical separation 
between Y, P and N category channels exists across channels of all investigated sizes and for 
channels sub-divided into < 5 and 5-<10 m wm categories.  Categories Y and P could not be 
statistically separated for the small group of channels with wm > 10 m (Table 1).  An analysis 
of overdeepening in relation to channel bed material size indicates that the gravel/pebble 
(n=587) and sand-bedded channels (n=583) have statistically larger wm/d ratios than silt/clay 
(n=349) and cobble-bedded (n=24) channels. This is confirmed by regression models 
estimated from subsets of the data for silt-clay bed and for gravel-pebble and sand bed 
rivers. The sample size for cobble-bed rivers (n=24) was too small for a robust analysis and 
thus removed from regression analysis. 

Finally, beyond recognising overdeepening, the estimated multiple regression equations 
(Table 2) provide an indication of the vertical extent of this legacy attribute. Using equations 
2 and 4 (Table 2), an average non-overdeepened 3 m-wide channel (wm) is 0.62 m deep, 
whereas an overdeepened equivalent channel is over three-times deeper (2.02 m).  This 
ratio decreases with increasing channel size so that an overdeepened 7 m-wide channel is 
2.85 times deeper than a non-overdeepended one (N = 1.07 m deep; Y = 3.05 m), and a 15 
m-wide overdeepened channel is 2.52 times deeper (N= 1.74 m deep; Y = 4.40 m).  
Equations 2 and 4 thus suggest that the morphological legacy of human action is highly 
significant, resulting in modified channels that are 2.5–3.3 times deeper than their non-
modified equivalent.  This contrast is little affected when bed material is taken into account 
(equations 13 and 14).  

 

5. CONCLUSION 

Our analysis has demonstrated that, given careful quality examination, the channel 
dimension and bed material observations drawn from multi-surveyor, non-specialist, habitat 
surveys have the potential to generate useful insights about the modification legacy of 
human impacts in small, predominantly low energy river channels. Although further 
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research could improve the robustness of our results, we have demonstrated that analysis 
of such data has the potential to allow geomorphologists to test morphological hypotheses 
over larger areas than is practicable based on dedicated geomorphological survey. This is 
particularly important in small rivers, where advances in remote sensing cannot yet provide 
a substitute for field survey (cf. larger rivers, Piégay et al., 2019). In the present case, a 
conservative interpretation of overdeepening from photographs (i.e., only assigning Y when 
confidence was high) allowed identification of overdeepened channels 2.5–3.3 times deeper 
than their non-overdeepened counterparts.  By extension, such modification likely provides 
a fundamental constraint to natural ecological functioning for native flora and fauna (see 
assessment in Cluer and Thorne 2014), and is suggestive of the widespread existence of 
hydrologically-disconnected riparian habitats and greatly modified aquatic habitat 
hydraulics.  We argue that the legacy of channel overdeepening is highly significant for river 
management and restoration.  
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