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Determination of reference concavity  

The Swiss fluvial river network was 

delineated in ArcGIS from a 25-m-

resolution digital elevation model 

(provided by Swisstopo). Values of 

ksn were calculated in MatLab by 

performing power-law regressions on 

the slope-area relationships (Wobus et 

al., 2006) for Swiss streams. We first 

analyzed 132 individual stream 

segments from 40 watersheds 

throughout the Swiss Alps in order to 

determine a valid reference 

concavity. Both glacially impacted 

and non-glacial streams show similar 

slope-area relationships and yield similar concavities, with the difference that glacially 

impacted streams have much higher steepnesses (main text, Fig. 2a). The calculated 

concavities vary considerably from approximately -1 to 3, with a mean of 0.72 ± 0.65 

(Fig. DR1a, b) which we apply as the reference concavity for the Swiss streams. We note 

that this value is higher than the 0.45 used by Korup (2006). We avoided additional 

potential biases related to high concavities in cirque basins by excluding all drainage 

areas <10 km2 from our analyses. Lake segments were also removed. In addition, we 

Figure DR1. a) Map view of the central Swiss Alps 
showing calculated stream concavities using the slope-area 
method. b) Histogram of concavities for both glacial (black 
bars) and non-glacial streams (open bars). 



 2

apply a 10 km2 threshold contributing 

area, a smoothing window of 250 m, and 

a contour interval of 12.192m (Wobus et 

al., 2006).  

The validity of the reference concavity 

approach in this varied terrain was 

checked by calculating the concavities 

of the glacially impacted basins 

separately from the remaining streams. 

The resulting concavities are nearly identical, 0.73 ± 0.37 

for glacial basins and 0.71 ± 0.80 for the remaining 

streams (Fig. DR1b). In order to make our data 

comparable to existing datasets (Korup, 2006; Ouimet et 

al., 2009; Safran et al., 2005; Whipple, 2004; Wobus et 

al., 2006), we have also calculated the entire dataset 

using a reference concavity index of 0.45 (Figs. DR2 and 

DR3). The spatial density of oversteepened reaches (Figs. 

DR2 and main text 4a), distribution of the data (Figs. 

DR3c and main text 2b) and relation to lithology (Figs. 

DR3a and b and main text 3b and c) are similar 

regardless of the choice of reference concavity, with the 

distribution being shifted by ~1000x for θ = 0.72 vs. 0.45. 

Figure DR3. a,b) pattern of  ksn 
using a reference concavity of 
0.45 for different erodibility 
classes for steady-state and non-
steady state streams, 
respectively. c) ksn vs Un 
(θ=0.45).   

Figure DR2. Spatial distribution and density (km-2) of 
non-steady state (oversteepened) segments using a 
reference concavity of 0.45 and a best-fit ksn of 82 ± 
40 in relation to thickness of LGM ice (darker blues 
indicate thicker ice). Note that the highest densities 
are within the Rhone and Rhine valleys. 



 3

As a further test, we 

calculated the reference slope, Sr = 

S*(Ar/A)-m/n for each stream segment 

(Sklar and Dietrich, 1998) as this 

metric does not require the definition 

of a regional reference concavity 

(Wobus et al., 2006). As Sr is 

strongly dependent on drainage basin 

area, we performed the analysis for only basins between 50 and 100 km2 using the 

maximum drainage basin area 33191 km2 as the reference basin area, Ar. The resulting 

reference slopes exhibit the same pattern as is seen with ksn (Figs. DR2, main text 4a), 

with the highest values and density in the Rhone and Rhine valleys (Fig. DR4).  

 

Modelling ksn vs. Un 

The resulting ksn values for θ = 0.72 were then compared with vertical rock uplift rates. 

The uplift rates were interpolated from a data set of relative vertical movements 

(Schlatter et al., 2005) by universal kriging with 2nd order trend removal and 90% local 

weight, and exported to a 250 m resolution grid. We note that the relationship between ksn 

and rock uplift can be fit using either linear or non-linear models and that for high values 

of ksn, n = 2 or larger can be expected (Ouimet et al., 2009). We performed linear 

regressions on the log-transformed distribution using a reference concavity of 0.72 with 

the equation (Figs. DR3c and main text 2b): 

log(ksn) = 1/n*log(Un) + log(1/K) 

Figure DR4. Spatial density of reference slopes for 50-
100km2 drainage basins.  
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The resulting fits were then transformed back into linear coordinates and used to model 

the equation: 

ksn = 1/K*Un
(1/n) 

The Alpine dataset is best described with n =1, which also gives the most conservative 

estimates for non-steady state reaches. We therefore model the steady-state relationship 

between ksn and rock uplift using n = 1 (main text Fig. 2b).  

Since the measured rock uplift rates are not absolute values, and because we are 

interested in the quantitative distribution only, we normalized the relative rates where Un 

= U + 0.446 mm yr– 1 to avoid negative uplift rates. The standard deviation of the steady-

state model was calculated from values below the mean, in the non-skewed portion of the 

ksn/Un distribution (main text Fig. 2b). Values above 2 sigma of the modelled steady-state 

distribution are considered non-steady state values. The density map of these non-steady 

state river segments (Fig. 4a) was calculated using a sliding window with a radius of 20 

km and is reported in km/km2. The ksn values for each bedrock erodibility class were 

determined for both the steady-state and the non-steady state reaches for each erodibility 

category. We adopted the erodibility classifications of Kühni and Pfiffner (2001) which 

are based on the Swiss Geotechnical Map (Niggli and de Quervain, 1936). Recently, 

these categories were verified by Korup and Schlunegger (2009) who measured rock 

strength, joint spacing and orientation, bedding and foliation orientation and degree of 

weathering, in order to calculate the Geological Strength Index (GSI) and geomorphic 

rock-mass strength (RMS). 
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