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Figure S1b.  Plots of long profile (z-x) and drainage structure (A-x) of each analyzed 

channel, along with associated slope plots S-x and S-A, plotted on logarithmic axes.  

Greyscale lines show slope scaling relations fitted to these latter two plots by the 

method described in the main text, and the range of values over which the fit is made.  

The associated equations are also shown above the figures. 
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Figure S2a. Comparison of field (black squares) and DEM (grey circles)
derived slopes as measured downstream for (i) Basgo valley and (ii) Leh
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Figure S2b.  Field slopes versus DEM slopes for two
catchments, (i) Basgo valley, (ii) Leh valley



 

 

 

 

 

 

 

Figure S3.  Plots of calculated concavity and curvature values for each catchment, 

subdividing the data to investigate possible variations in the values downstream. Data 

is plotted incorporating different numbers of sets of 50 data points, working both from 

upstream to downstream (blue) and downstream to upstream (red).  The pattern of 

convergence as described in the accompanying supporting text is noted above each 

graph.  See accompanying text for full explanation. 
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This document provides additional text supporting data which was too substantial to 

be included concisely within the print version of the manuscript.  This comprises: - 

 

1. Details of methodology for processing of the raw DEM data. 

2. Text supporting presentation of all remotely sensed stream long profiles and 

scaling data used to derive the data shown in Figs. 7 and 8 in the main 

manuscript, and associated location information (Figs. S1a,b). 

3. Text supporting figures showing a comparison of channel slopes derived from 

the DEM versus known field measurements of slope for two catchments on the 

batholith (Figs. S2a,b). 

4. Text supporting figures (Fig. S3) illustrating values of concavity and curvature 

calculated for separate segments of each stream, used to investigate whether 

the measured values are systematically different for the lower part of domain 2 

compared to domain 3. 



This follows below. 

 

1.  METHODOLOGY FOR ACQUISITION AND TREATMENT OF DEM 

 

We have taken three arc-second resolution data freely available from NASA 

(ftp://e0srp01u.ecs.nasa.gov/srtm/version2/SRTM3/), derived from the Shuttle Radar 

Topography Mission (SRTM).  Raw data was converted to ARCinfo GRID format for 

processing using IMAGEGRID.aml, developed by the United States Geological 

Survey 

(ftp://e0srp01u.ecs.nasa.gov/srtm/version2/Documentation/Notes_for_ARCInfo_users

.pdf).  The data used here comprises one degree by one degree squares N33E077, 

N33E078, N34E076, N34E077 and N34E078 (see Fig. 1).  The data for this region is 

in fact well suited to DEM analysis, since the glaciers have widened and flattened the 

valley floors over much of the rivers’ courses, meaning artifacts produced by the 

satellite’s footprint catching the valley sides as well as the channel in the valley centre 

are much reduced.  Minor holes in the data (<2% of pixels in analyzed catchments, 

and rarely impinging on valley bottoms) were patched by converting the whole 

dataset into a point dataset then using ARCinfo to interpolate back into GRID form 

using a cubic spline algorithm.  This process provided the base DEM on which 

subsequent analysis was carried out. 

 

The base DEM was first filled to remove artificial internally draining patches – the 

affected area comprises <1% of the total surface, almost entirely confined to regions 

of the Indus valley itself and not significantly changing the profiles of the tributaries.  

The drainage network was then predicted from a flow accumulation threshold of 200 



pixels (a drainage area of approximately 1.4 × 10
6
 m

2
).  This relatively high value 

was chosen to avoid the prediction of channels beneath the existing glaciers and 

recent moraine successions in the highest elevations of the catchments, and creates a 

channel network that agrees well with the known channel forms seen in satellite 

imagery.  The trunk streams for each of the 70 independent basins draining 

southwards into the Indus were then selected, taking more than one profile per valley 

if a major bifurcation of the trunk stream was present, and elevation, z, upstream 

drainage area, A, and distance downstream, x, data extracted for each pixel along the 

course of each trunk stream.  MATLAB was then used first to smooth out high 

frequency noise in the elevation data with a low-pass filter on z, then to construct a 

value of channel slope, S, on a reach length scale of 500 m.  Both these methods act to 

damp local (< 500 m) variation in channel slope, whether an artifact of the DEM or 

due to fine scale river responses.  This scaling is appropriate since we only sampled 

local slope and channel form in the field once every 300 – 500 m, and variability on a 

finer scale than this will not be revealed by the data.  These methods and smoothing 

techniques correspond broadly to those chosen by Snyder et al. (2003a) and 

recommended by Wobus et al. (2006), though with different absolute values chosen 

appropriate to the coarser resolution of our DEM data. 

 

 

2.  LONG PROFILES AND SCALING PLOTS FOR ALL ANALYZED 

CATCHMENTS (FIGS. S1a,b) 

 

An altered version of Fig. 1 is presented as Fig. S1a in order to illustrate which 

catchments provide acceptable slope-distance (curvature) and slope-area (concavity) 



regressions, as described in the Remotely Sensed Data section of the main manuscript.  

Those which do are colored blue.  Channels are numbered consecutively as they 

appear along the batholith going from west to east.  Note that several catchments have 

more than one trunk stream, and these channels are each allocated their own number.  

The channels in question are 2/3, 7/8/9, 11/12, 17/18, 19/20/21 and 37/38, and the 

associated catchments are shown in a lighter blue in the Figure.  Fig. S1b illustrates 

the long profile (z-x) and drainage structure (A-x) of each of these channels, along 

with associated slope plots S-x and S-A, plotted on logarithmic axes.  The grayscale 

lines show the slope scaling relations fitted to these latter two plots by the method 

described in the main text, and the range of values over which the fit is made.  The 

associated equations are also shown above these figures.  The file TableS1.pdf 

collates all of these data, and is the source for Figs. 7 and 8 in the main text. 

 

 

3.  FIELD-DEM SLOPE COMPARISONS (FIGS. S2a,b) 

 

Figure S2a shows plots of channel slope, S, versus distance downstream, x, for the 

valleys Basgo (i) and Leh (ii).  DEM-derived slopes (see section 1 of this document) 

are shown as grey open circles and direct field measurements over 30 m intervals, 

every c. 500 m are shown as black closed squares.  Figure S2b displays this same data 

as a direct comparison for each catchment.  Quoted errors on the lines of best fit are 

95% confidence intervals, assuming direct linear correlation.  Note that neither 

gradient is distinguishable from 1, but that there is a tendency for the DEM values to 

be slightly higher.  This is probably an artifact of the different scales over which the 

gradient is averaged (500 m vs 30 m), especially in domain 1, where slope can be 



highly variable on a scale less than 500 m.  This is particularly clear in Fig. S2a.  For 

the same reason, we note that the fit for Leh is poorer, since a larger proportion of 

these data points come from within domain 1. 

 

 

4.  VARIATION OF SCALING METRICS BETWEEN DOMAINS (FIG. S3) 

 

As noted in the main text, the data presented here does not extend across enough 

variation in drainage area to conclusively calculate the scaling metrics of concavity 

and curvature for the bottom of domain 2 and domain 3 separately.  However, in order 

to investigate this issue further, we present here a semi-quantitative method 

examining the convergence towards the whole channel values as progressively larger 

proportions of the channel are included.  We plot calculated concavity and curvature 

values for each channel over the first 50, 100, 150, 200, etc. points downstream of the 

knickzone up to the end of the whole analyzed segment, then similarly plot the data in 

sections 50, 100, 150, etc. points long going from the downstream end of the channel 

up to the knickzone.  This data is then displayed graphically on the same chart, where 

the fits established for the first 50 points (upper- and lower-most stream sections of 

the channel) are displayed to the left and the fits incorporating all of the data to the 

right.  We then examine the manner in which the data converges to the right-hand side 

of the graph.  The measured values are clearly quite variable where fewer data points 

are used, but as more data is incorporated, the variability in the values tends to 

stabilize.  We recognize three patterns in these tails as the final elements of data are 

incorporated: - 

 



1. Magnitude of concavity (or curvature) becomes gradually greater as data is 

incorporated towards the downstream end of the channel (blue bars), and 

gradually smaller as data is incorporated towards the upstream end of the 

channel (red bars).  This suggests that the scaling exponents are uniformly 

lower in the upstream reaches of the channel than in the downstream reaches. 

2. Magnitude of concavity (or curvature) becomes gradually lesser as data is 

incorporated towards the downstream end of the channel (blue), and gradually 

greater as data is incorporated towards the upstream end of the channel (red).  

This suggests that the scaling exponents are uniformly greater in the upstream 

reaches of the channel than in downstream reaches. 

3. Neither of the above is the case, with no trends in the scaling metrics, or with 

trends in the same direction incorporating data going both upstream and 

downstream in the catchment.  This category also includes catchments with 

few points in total (<200).  We interpret this to indicate that there is no 

demonstrable systematic difference in concavity (or curvature) in the upstream 

reaches versus the downstream reaches of the channel as a whole. 

 

The pattern we assign for the concavity and curvature of each channel is noted above 

each graph as 1, 2 or 3.  Note that we ignore the first three data points (50-150 data 

points) entirely, where random noise will certainly overwhelm any signal.  This 

method is, at best, limited, but provides at least some indication of the variability of 

the scaling values quoted in the main text, and also avoids having to pre-allocate 

domain boundaries for all of the catchments, which are not always easy to accurately 

fix from the satellite imagery. 

 



We find that for both the concavity and curvature, very many channels (34 out of 58 

for θ; 27 out of 58 for φ) show no uniform tendency for a changing value 

downstream.  The remainder are split between a tendency for increase and a tendency 

for decrease downstream for both metrics (12 type 1, 12 type 2 for θ; 12 type 1, 19 

type 2 for φ).  We interpret this to mean that there is no tendency for upstream reaches 

to have uniformly higher or lower scaling exponents to downstream reaches, 

including across the boundary of domain 2 into domain 3, as discussed in the main 

text. 




