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Table S1  

Introduction  

In this supplement, we summarize experimental details (text S1), provide further information 
on the methods used for computing the bedform migration and deformation rates (text S2), 
and estimating bedform turnover timescale and characteristic duration of flood recession in 
modern rivers (text S3). In addition, we have tabulated the bedform turnover timescales, 
characteristic duration of flood recession, bedform migration rates, bedform wavelengths, 
bedform heights, riverbed slopes, and bedload transport rates for modern rivers in Table S1, 
which was used to produce Figure 4d of the main text.  

Text S1.  
 All experiments reported here were conducted in the tilting flume at the St. Anthony 

Falls Laboratory, University of Minnesota, with the same configuration. Martin and Jerolmack 
(2013) conducted a series of seven experiments to assess the growth and decay processes of 
bedforms adjusting to changing flow conditions. Five of these experiments consisted of step 
changes (i.e. instantaneous increase or decrease) from low to high discharges and back to low 
discharges, with varying low and high discharge magnitudes (see Table 1 in Martin and 
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Jerolmack, 2013). They used these step-discharge experiments to quantify and validate the 
bedform turnover timescales for the growth and decay process of bedforms. Further, they 
conducted two experiments in which discharge was increased incrementally from 0.04 m3/s to 
0.115 m3/s (every 5 minutes for the fast flood and every 20 minutes for the slow flood) 
producing a triangular flood wave (Fig. S1). Conceptually, these experiments represent natural 
rivers with broad and flashy hydrographs, and we analyzed these two experiments in our 
study. 

We used steady-state experiments conducted in the same flume as a control. Ganti et al. 
(2013) studied bedform evolution for two steady-state experimental runs with a water 
discharge magnitude of 0.04 m3/s and 0.08 m3/s. We chose the 0.08 m3/s experiment as a 
control for our triangular flood wave analyses because it represents bedform evolution 
equilibrated to the mean discharge of the flood wave experiments. In addition, we also 
measured the bedform preservation ratio, and coefficient of variation of preserved set 
thickness for the steady state experiment with a constant discharge of 0.04 m3/s (Ganti et al., 
2013).  

We refer the readers to the original publications for detailed description of the 
experimental setup, data collection apparatus, and details about the evolution of bedform 
geometry. All these experimental datasets are freely available at the Sediment Experimentalist 
Network’s data repository. 

Text S2.  
 We computed bedform migration and deformation rates (equation 3 in main text) 

using well-established methods. Bedform migration rates were calculated by cross-correlating 
successive bed elevation profiles following the method of McElroy and Mohrig (2009). The 
calculated maximum lag between the profiles denotes the characteristic distance traveled by 
the bedforms. Bedform migration rate was then equated to the ratio of this lag distance and 
the time difference between the bed profiles. We note our computations yield one 
characteristic bedform migration rate for the entire bed profile at each timestep, which 
effectively denotes the bed velocity of the entire profile. We did not compute the bedform 
migration rate of individual bedforms because superimposed bedform migration results in 
changes in shape of the host bedforms, which corresponds to the localized changes in 
sedimentation and erosion rates that significantly effect cross-stratal preservation. Our 
estimated bedform migration rates are similar to those documented by Martin and Jerolmack 
(2013) for the unsteady experiments. They used a different approach where they created 
space-time plots of dune crestlines and computed the slopes of continuous crestlines in this 
phase space. 

Once we computed the bedform migration rates for each timestep for all experiments, 
we computed the deformation rates using a discretized version of equation (3) (McElroy and 
Mohrig, 2009). This is similar to computing elevation differences in a Lagrangian framework 
where the later-time bed profile is shifted upstream by the distance that corresponds to the 
maximum lag and then differenced with the earlier-time bed profile. Figures S2 and S3 show 
the bedform migration and deformation rates through time for both the fast and slow flood 
runs. Figure S4 shows bedform profiles in the Lagrangian reference frame for the fast, slow, 
and steady state runs. 

Text S3.  
Bedform turnover timescales were calculated following equation (1) in the main text:  
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𝑇" = 	𝜆ℎ'𝛽/𝑞+      (S1) 
 
We used Simons et al. (1965) relation to estimate unit sediment flux, which resulted in an 
expression for the bedform turnover timescale, given by: 
 
𝑇" =

,-./
(123)56-./7

      (S2) 

 
where p is the bed porosity (assumed here to be ~0.5). We also assume a bedform shape factor 
(𝛽) of approximately 0.5, consistent with both experimental and field observations (Simons et 
al., 1965; van den Berg, 1987; Ten Brinke et al., 1999; Venditti et al., 2005). Thus, equation (S2) 
can be simplified to:  
 
𝑇" =

7,
56

       (S3) 

 
For steady-state experiments, we used the reported values of bedform wavelength and 
migration rates from Ganti et al. (2013) to estimate the bedform turnover timescale. Ganti et al. 
(2013) reported bedform migration timescales (i.e. the average timescale it takes bedforms to 
migrate the average bedform wavelength) of 41.2 minutes and 20.8 minutes for the steady 
experiments with a water discharge of 0.04 m3/s and 0.08 m3/s experiments, respectively. 
 
To compute the bedform turnover timescales for modern rivers, we either used equation (S1) 
or (S3), contingent upon the availability of data (Table S1). For rivers where only the bedform 
geometries were reported, we used the empirical relationship between bedform migration 
rate and channel slope proposed by Mahon and McElroy (2018) to approximate Vc, and 
consequently the bedform turnover timescale (equation S3).  
 
Finally, we computed the characteristic duration of flood recession primarily from historical 
daily water discharge records, compiled from the Global Runoff Data Centre, 56068 Koblenz, 
Germany. In some cases, we used higher resolution flood discharge data when available, and 
this is noted in Table S1. The following workflow was adopted to estimate the characteristic 
duration of flood recession (Fig. S5): 

a) Every time series of discharge data was normalized by the mean annual discharge for 
the given year of record. When data were available for multiple years, we performed 
this operation individually on every year’s dataset for a given river. 

b) Flood events were identified as times in the year when the normalized discharge was 
greater than 1 (i.e. instantaneous flow greater than mean annual flow; Figure S5). 

c) We then computed the average, continuous time for which the normalized discharge 
was greater than 1, which characterizes the typical flood hydrograph duration for each 
river. 

d) Finally, we divided this duration by 2 to represent the average timescale of flood 
recession, analogous to experimental flood waves. 

 
Because the duration of flood recession had a skewed distribution, we reported their 
interquartile ranges to better characterize the spread in the data.  
 
We note that theoretical prediction of T* < 1 leading to bedform hysteresis was independently 
corroborated for multiple rivers in our dataset, which provides further support for that Figure 



 
 

4 
 

4d adequately characterizes the nature of bedform evolution in unsteady flows for extant 
rivers. 
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Figure S1. Changes in spatially-averaged flow depth and mean bedform height through time 
for the (a) slow and (b) fast floods. Changes in spatially-averaged flow depth and bedform 
disequilibrium number through time for the (c) slow and (d) fast floods.  
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Figure S2. Estimated bedform migration and deformation rates through time for the fast 
flood. Temporal evolution of (a) bedform migration rates, (b) spatially-averaged bedform 
deformation rate, and (c) absolute value of spatially-averaged bedform deformation rates. Red 
dashed lines indicate the beginning, peak, and end of the flood event.  
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Figure S3. Estimated bedform migration and deformation rates through time for the slow 
flood. Temporal evolution of (a) bedform migration rates, (b) spatially-averaged bedform 
deformation rate, and (c) absolute value of spatially-averaged bedform deformation rates. Red 
dashed lines indicate the beginning, peak, and end of the flood event.  
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Figure S4. Bed elevation profiles in the Lagrangian reference frame for the (a) fast flood, (b) 
slow flood, and (c) steady state experimental runs. Notice that preservation in unsteady flows 
is centered around the peaks and body of the bedforms; however, preservation in steady-state 
experiment occurs via variable bed scours, resulting from bedform troughs.  
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Figure S5. Daily discharge normalized by mean annual discharge for the River Waal over a 
period of two years. 

 

Table S1. Bedform geometries, turnover timescales, and representative flood recession 
timescales for modern rivers.  
 


