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Global database of river width, slope, catchment area, meander wavelength, sinuosity, and 

discharge 

1. Summary 

This document describes the database that accompanies the article submitted to Geophysical 

Research Letters by Frasson et al.  The database is distributed as a set of shapefiles, containing 

polylines that define the geometry of river centerlines located between 60°N and 56°S, with 

attributes described below.  The shapefiles are organized according to continent and further 

broken into major basins to allow for manageable file sizes.  A more complete dataset is 

available in the netCDF format upon request (please email Renato Frasson at 

frasson.1@osu.edu).  Section 4 of this document shows distributions of river width, slope, 

sinuosity, meander wavelength, and meander wavelength to width ratio with fitted distributions 

and their values.  Section 5 of this document demonstrates the accuracy of the mapping of 

catchment areas onto river centerlines by marching over the upper Mississippi river and 

tributaries and comparing the catchment areas up and downstream of 10 confluences.  

This database was partially funded by the Algorithm Definition Team contract to the Ohio State 

University, University of North Carolina at Chapel Hill, and Remote Sensing Solutions, Inc and 

is the result of the collaboration between the following authors: 

Tamlin M. Pavelsky: University of North Carolina. 

George H. Allen: Texas A&M University. 

Christine Lion:  

G. Schumann: Remote Sensing Solutions, Inc. and University of Bristol. 

R. Edward Beighley: Northeastern University. 

Renato Prata de Moraes Frasson and Michael Durand: Ohio State University 

Mark A. Fonstad: University of Oregon. 

2. Polyline geometry 

The centerline geometry is defined by sets of points located approximately every 30 m based on 

the Global River Widths from Landsat (GRWL) database (Allen & Pavelsky, 2015; 2018).  Each 

line describes a meander and features the following attributes  

3. Attribute description 

SegmentID: identification number of the river segment (segments are parts of a river delimited 

by confluences). 

lakeFlag: 0 – river, 1 – lake, 2 – river under the influence of tide, 3 – canal, 4 – unable to 

connect GRWL with HydroSHEDs, 5 – dam, -9999 – no data. 



Width: average width in the meander, disregarding small river widths assigned to locations 

undetected by Landsat but known to be inundated. Locations where no width could be produced 

are marked as -9999. 

Elevation: mean elevation from SRTM (90m) per river meander in meters.  SRTM pixels are 

assigned to equally spaced points (every ~30m) over the river centerlines using the nearest 

neighbor approach.  The average elevation of all valid points per meander is reported here.  

Locations where no elevation could be produced are marked as -9999. 

Slope: water surface slope in centimeter per kilometer.  Slope is initially computed over 10 km 

reaches, then used to compute optimum reach lengths using a modified version of the equation 

proposed by  in the form of RL=2σ /S, where RL is the optimum reach length, σ is the height 

uncertainty (5.51 m from LeFavour and Alsdorf, 2005) and S the initial slope estimate.  Final 

slopes are computed over the optimum reach lengths using elevations assigned to the 30 m river 

points using either classic linear regression or the Theil-Sen estimator depending on which 

method produces the best coefficient of determination.  Locations where no slope could be 

produced are marked as -9999. 

Meandwave: Meander wavelength in meters.  This is computed by first smoothing the 30 m 

resolution river centerlines using a 5-point moving average and then identifying inflection points 

on the smoothed river centerlines.  Finally, the meander wavelength takes the value of twice the 

distance between consecutive inflection points according to the definition given by Leopold and 

Wolman (1960). 

Sinuosity: Dimensionless sinuosity of each river meander computed the ratio of the length 

between meander endpoints measured along the river centerline to half the meander wavelength 

as defined by Leopold and Wolman (1960). 

catch_area: Catchment area was derived from flow direction and corresponding flow 

accumulation grids based on HydroSHEDS (Lehner et al., 2008). The flow accumulation grid 

describes, for any location (i.e. pixel), the number of upstream raster pixels that drain to that 

particular location.  We translated flow accumulation given in number of pixels into catchment 

area (in m2) by multiplying the number of pixels flowing to a location by the average area of 

SRTM pixels according to the latitude of the centroid of the river segment. 

QWBM: mean annual flow estimated with the water balance model WBMsed (Cohen et al., 

2014). 

Strpwr_len: stream power normalized by width (W/m). 

Strpwr_are: stream power normalized by area (W/m2). 

4. Distributions of select river properties 

To characterize the variability of river width, sinuosity, slope, meander wavelength, and meander 

wavelength to width ratio, we fitted probability distributions to those variables.  Some of the 



variables required transformations to better fit a standard probability density function as 

described below. 

The distribution of widths for rivers wider than 90m is shown in Figure S1.  Transformed widths 

followed the form: 

𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑑 𝑤𝑖𝑑𝑡ℎ = log10 𝑊 − log10 90 + 𝜖  (S.1) 

Where 𝜖 is the smallest double precision number represented by MATLAB used to condition the 

transformed widths to be strictly positive.  A Gamma distribution with shape parameter  = 

1.218 and scale parameter  = 0.304 was fitted to transformed widths using the maximum 

likelihood method. Note that this width distribution differs slightly from that of the raw GRWL 

database because of reach averaging routines that were implemented to produce the database 

used in this study.  

 

Figure S1. Distribution of transformed widths for rivers wider than 90 m with a superimposed 

gamma distribution shown in red. 

We also fitted a gamma distribution to slopes, which needed no transformation, only a shift by 

machine precision to avoid completely flat slopes and conform to the gamma distribution 

supports.  The maximum likelihood parameters were: shape parameter  = 0.86 and scale 

parameter  = 43.515.  The distribution of slopes and the fitted probability density function are 

shown in Figure S2. 



 

Figure S2. Distribution slopes for rivers wider than 90 m and with maximum slope equal to 300 

cm/km with a superimposed gamma distribution shown in red. 

Although we attempted to fit a variety of distributions to sinuosity, none appear to show a quick 

enough decay for sinuosity values ranging from 1.25 and 1.75.  The best fit that we found was 

still a Gamma distribution after shifting sinuosity by 1 to fit the probability density function 

support, nevertheless, the fit was not as good as previous variables.  The identified parameters 

were: shape parameter  = 0.694 and scale parameter  = 0.41.  The data and fitted distribution 

are shown in Figure S3. 

 

Figure S3. Distribution channel sinuosity for rivers wider than 90 m with a superimposed gamma 

distribution shown in red. 



Figure S4 shows the distribution of the meander wavelength and a fitted gamma distribution with 

shape parameter  = 2 and scale parameter  = 1.64. 

 

Figure S4. Distribution meander wavelength for rivers wider than 90 m with a superimposed 

gamma distribution shown in red. 

Lastly the meander wavelength to width ratio showed a gamma distribution with shape 

parameter  = 2.247 and scale parameter  = 6.644. The data and fitted distributions are shown 

in Figure S5. 

 

Figure S5. Distribution meander wavelength to width ratio rivers wider than 90 m with a 

superimposed gamma distribution shown in red. 

 



5. Evaluation of catchment areas 

We demonstrate the accuracy of the estimation of catchment areas and their mapping onto river 

centerlines by marching over the 10 confluences of the upper Mississippi River and its tributaries 

and comparing the downstream catchment area of the mainstem with the sum of the catchment 

areas of the upstream mainstem and its tributary.  Figure S6 shows the rivers used for this 

evaluation.  We start at the confluence of the Mississippi and the Saint Croix Rivers and end at 

the confluence of the Illinois and Mississippi Rivers.  The results of our evaluation are 

summarized in Table S1. 

 

Figure S6. The lower map shows the Mississippi River basin with a zoom in a select area of the 

upper Mississippi River, showing the rivers used in the validation of the catchment area. 



Table S1.  Results of the comparison of the downstream catchment area with the sum of the 

upstream mainstem and its tributary at 10 confluences over the upper Mississippi Basin area 

shown in Figure S6. 

  
Area (km2)  

Sum of Mainstem 
and Tributary 

Absolute difference 
(km2) 

Relative 
difference 

(%) 

Mississippi 125,418    

Saint Croix River 24,868    

Mississippi after confluence 153,941 150,286 3,655 2.37% 
      

Mississippi 167,469    

Cannon River 4,302    

Mississippi after confluence 171,820 171,771 49 0.03% 
      

Mississippi 192,897    

Wisconsin River 31,352    

Mississippi after confluence 211,864 224,249 -12,385 -5.85% 
      

Mississippi 223,726    

Maquoketa River 4,860    

Mississippi after confluence 229,095 228,587 509 0.22% 
      

Mississippi 232,815    

Wapsipinicon River 6,538    

Mississippi after confluence 239,575 239,353 222 0.09% 
      

Mississippi 240,977    

Rock River 28,597    

Mississippi after confluence 269,646 269,574 72 0.03% 
      

Mississippi 274,663    

Iowa River 33,271    

Mississippi after confluence 307,138 307,934 -795 -0.26% 
      

Mississippi 312,218    

Skunk River 11,453    

Mississippi after confluence 324,216 323,671 545 0.17% 
      

Mississippi 326,795    

Des Moines River 38,550    

Mississippi after confluence 365,401 365,345 56 0.02% 
      

Mississippi 397,891    

Illinois 76,363    

Mississippi after confluence 474,700 474,254 446 0.09% 

 

6. Evaluation of Moody and Troutman (2002) discharge – width relationship 



Moody and Troutman (2002) derived a relationship between discharge and river width.  We 

evaluated their relationship using mean annual flow derived from the WBMsed (Cohen et al., 

2014) and our measured widths.  Figure 4b in the main article illustrates the agreement between 

the observed widths and modeled discharges with Moody and Troutman (2002) discharge – 

width relationship while Table S2 shows a quantitative evaluation of this relationship. 

Table S2. Comparison between measured widths with widths predicted by discharge – width 

relationship derived by Moody and Troutman (2002) (M&T width).  

Discharge 

(m3/s) 

Width (m) 

M&T width 

(m) 

Relative 

IQR  

(%) 

25th 

percentile median 

75th 

percentile 

20  49  61  90  32  66  
50  53  70  104  51  73  

100  56  79  124  72  86  
200  71  103  166  102  91  
400  97  153  262  144  108  

1000  147  241  404  228  107  
2000  204  368  603  322  108  
5000  266  532  971  509  132  

10000  400  780  1569  720  150  
20000  485  996  2133  1018  165  
50000  1039  1742  2854  1610  104  

100000   3507   4156   5285   2277   43   
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