Response to comments on the manuscript entitled ‘Impact of Noise
on Landscapes and Metrics Generated with Stream Power Models’

M. J. Morris, G. G. Roberts

Introduction

We thank both reviewers for their assessment of the manuscript. We respond to all of the reviewers’ comments
(in bold) below.

Response to comments from RC1 (25 June 2025)

“The authors conduct a thorough exploration and review of the influence of noise on landscape
evolution. The manuscript is well-written and easy to follow; I particularly appreciate the ex-
planations they provide throughout the paper to provide the reader with enough context to
understand some of the complex material they cover. The motivation for the paper is clear
and well justified. The figures illustrate their points well; I wish more papers utilized the style
and clarity of Figure 3, which is worth a thousand words (or more). I think the authors use
a thoughtful approach when choosing the different types of noise and model configurations.
They cover different types of noise by choosing the end-member models of blue and red noise.
Within these end-members are white noise, which is commonly used by landscape evolution
researchers. The different types of model configurations (i.e., square, domal, escarpment) also
represent the range of configurations most modelers use. I found the results and discussion
about how noise affects the landscape metrics useful and thought-provoking. The metrics are
typically straightforward when used on numerical results and harder to interpret for natural
landscapes. By incorporating noise and multiple ensembles in their numerical experiments, the
authors provide a great framework for interpreting the uncertainty seen in natural landscapes.
I agree with the authors’ recommendation to use a more probabilistic/ensemble approach to
landscape evolution modeling. I support this paper for publication in its current form, but
would appreciate it if the authors incorporated some of the feedback below.”

We thank reviewer RC1 for their encouragement and the comments that follow, which we respond to below.

“Line 107 — 100 x 100 cells. Do you think this is a large enough grid to capture enough
complexity in the drainage network? By eye, it looks as though the maximum stream order
in the drainage networks is around 3 or 4.”

This concern is probably most straightforwardly addressed by re-running the ensemble of simulations with
many grids of different resolution and spatial scales, which we think is largely beyond the scope of this paper
for reasons we discuss below. Nonetheless, we have performed a few preliminary tests to explore this concern
with results shown in Figure 1 of this document. Before examining those results we note that a single simu-
lation with cell sizes of 1 x 1 km and 100 Myr of modelled time takes approximately 90 seconds to run using
a desktop computer with an Intel i7-6700 CPU and 64 gigabytes of RAM for a 100 x 100 km grid, increasing
the grid size to 400 x 400 km grid requires approximately 17 minutes of runtime (ensuring that the CFL
stability conditions are satisfied). Given these practical considerations and our goal to develop statistical
insight we think that experimentation using a 100 x 100 km grid is reasonable but readily acknowledge that



experimentation incorporating other scales would be valuable future work.

The additional tests we performed used a 400 x 400 km grid, again with cell resolution of 1 x 1 km, and
were designed to reproduce the tests shown in Figure 6 of the main manuscript. Due to the change in
number of grid cells, the inserted noise must be different between the two sets of experiments. Figure 1 of
this manuscript shows the complexity of calculated drainage planforms on the larger grid presented with the
same formatting as Figure 6 of the main manuscript. The drainage networks on the larger grids have streams
with orders > 4, as expected. The networks have broadly similar arrangements to those on the smaller grid,
in that there are a few large basins and flow pathways are broadly similar, or at least appear to be no more
dissimilar than planforms generated with different arrangements of noise. The specific arrangements of the
planforms, and to some extent their complexity, depend on the arrangement of inserted noise, the boundary
conditions and uplift.

Establishing the impact of noise on the distribution of stream orders, including at different scales (e.g., at
larger spatial scales or with finer grid resolution), would be valuable future work. Comparing the spectral
power of flow pathways might also be useful for generating deeper insight into (and quantification of) the
role of noise in generating complexity or simplicity in drainage planforms (e.g., Lipp and Roberts, 2021).

“Figure 1 — Do you expect your result to change much if you opt to not fill in the sinks?”
We have addressed this comment by regenerating model ensembles 1, 4, and 7, excluding the initial sink-
filling step. Landscapes generated with and without sink filling are different of course (see Figure 2 of this
document). Omitting the filling of initial sinks prevents the early formation of continuous flowlines from
the interior to the exterior of the domain, and thus regions of internal drainage are produced. Due to the
absence of initial sink-filling, early networks tend to be shorter than those in landscapes with filled initial
sinks. A consequence of not filling sinks is that it takes longer for rivers to reach the centre of the domain
(see Figure 2 of this document). However, after 100 Myr of evolution, there appears to be little difference
between sink-filled or unfilled landscapes. Thus, in consideration with the following additional figures, we
suggest that the statistical results presented in the main manuscript are largely unaffected by sink-filling.

Figure 3 shows drainage probabilities, identical to Figure S6a-c within the Supplementary Information, with
the modification that the landscapes have been generated without an initial sink-filling step. Comparing the
two demonstrates that neglecting this step produces, in general, drainage networks which are more direct
than those which have been produced after an initial filling of sinks. However, the remaining patterns of
drainage probability (i.e., broadly equal probabilities to four edges, low probabilities within a central cross)
are consistent with those in Figure S6 and Figure 9 of the main manuscript.

Figure 4 of this document summarises the variability of drainage basins areas, akin to Figure 8 of the main
manuscript. It was also produced using the 100 simulations without sink-filling. The results described in
the main manuscript are also observed here. The same is true of Figure 5, which summarises metrics for the
‘square’ landscapes generated with no initial sink-filling (cf. Figure 12 of the main manuscript).

“Line 118 — “100 MYR” — This seems excessive? With an uplift rate of 0.2 m/kyr, one relief
unit (~1200m) would take 6 MYR to erode through. Typically, landscapes reach a quasi-
steady state around 2 relief units, but 100 MYR is ~17 relief units. It might be useful to
describe the model behavior (Line 416 to 423) in terms of relief units to relate the model
parameters to the time.”

Our motivation for using a model runtime of 100 Myr is to ensure that models can reach a topographic steady
state (@z=@t = 0; or as close to steady state as can be expected). We agree that 100 Myr of modelled time
could be regarded as being excessive for most models examined in this study if a user were looking to optimise
computation time. For instance, as the histograms in Figures 5, S7 and S8 show, there is little change in
the distribution of elevations of the models between 15 and 80 Myr. Moreover Figure 6 of this document—a
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Figure 1: Steady state landscapes generated with different initial conditions using a 400 x 400
km grid. (a—c) Steady state ‘square’ landscapes generated with red, white and blue initial conditions,
respectively. Planforms of channels in the four largest drainage networks in each landscape are emphasised
by the coloured lines. Main (longest) channels of 40 largest basins shown in black lines, plus the four longest
coloured lines. Adjacent topographic transects are between grey triangles at X = 50 km. (d—f) As above, for
‘escarpment’ landscapes. (g-i) As above, for ‘domal’ landscapes (cf. Figure 6 in the main manuscript).






