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1 | INTRODUCTION

Loraine Gourbet??

| Laurent Michon®*° | Vincent Famin3*

Abstract

Precipitation is one of the dominant drivers of landscape erosion and evolution; how-
ever, the effects of typical rainfall compared with less frequent, high-magnitude pre-
cipitation events on erosion remain unclear. Volcanic islands are ideal locations to
study such phenomena due to their simple geometries, nontectonic construction,
and strong spatiotemporal rainfall gradients. However, spatial variation in surface
age, created during their construction, often complicates their degradation histories
by introducing temporal changes in erosion rates as drainage networks develop.
Réunion Island (western Indian Ocean) presents a clear example of this, with an
east-west gradient in both surface age and mean annual precipitation, as well as
infrequent cyclones that alter the background rainfall pattern. In this study, we ana-
lyze the effects of surface age, average rainfall, and rainfall variability on basin devel-
opment and fluvial erosion across the island. We calculate basin-averaged values of
basin morphology, age, precipitation, river discharge, eroded volumes, and erosion
rates, and use these to analyze the dominant drivers of landscape evolution through
a series of correlation analyses. Our results indicate a temporal dependence on the
influence of precipitation, with young surfaces being dominantly eroded by high-
rainfall events and older surfaces eroded by mean annual rainfall patterns. Further-
more, we show that drainage development of shield volcanoes follows similar trends
to other volcano types, and suggest that surface permeability and groundwater struc-
ture are important controls on runoff-driven erosion on shield volcanoes. These

results add new components to the question of how precipitation impacts erosion.

KEYWORDS
landscape evolution, mean precipitation, precipitation variability, surface age, volcanic
geomorphology

Lague, Hovius, & Davy, 2005). This was demonstrated, for instance, in
the San Gabriel Mountains, California (DiBiase & Whipple, 2011), as

Understanding the role of precipitation in eroding landscapes remains
an open question within geomorphology. In particular, whether mean
rainfall averages, or infrequent, extreme events (e.g., cyclones and
large storms) are the larger erosional influence is still unresolved
(e.g., Hovius et al., 2000; Marc et al., 2019; Wolman & Miller, 1960).
Within fluvial regimes, theoretical studies suggest erosion should
more closely relate to rainfall variability (Deal, Braun, & Botter, 2018;

well as in Réunion (Gayer et al., 2019; Gourbet et al., 2024). However,
in their study of Kaua'l (Hawai'i), Ferrier, Huppert, & Perron (2013)
found that river channel erosion is more related to mean annual pre-
cipitation than variability while Desormeaux et al. (2022) showed that
modeling channel incision through spatial variations in runoff better
fit measured erosion rates than models that incorporated discharge
variability in Massif Central (France).
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Volcanic islands are some of the best locations to study erosive
processes due to their simple initial geometry, lack of tectonic influ-
ence, and datable surfaces; as well as extreme climate differences that
often occur (e.g., Ferrier, Huppert, & Perron, 2013; Seidl &
Dietrich, 1992). Furthermore, the conic or shield-like structure of
these islands presents an opportunity to better understand drainage
basin evolution on radial landforms (e.g., O’Hara et al., 2024). Due to
its data availability and high-standing topography, we focus on
Réunion in this study (Figure 1), a volcanic island in southwestern
Indian Ocean, representing the most-recent activity of the Réunion
hotspot.

The island is composed of two main edifices—the dormant Piton
des Neiges (PdN) in the northwest that was constructed through five
phases ranging 27-2200 ka, and the presently-active Piton de la Fou-
rnaise (PdF) in the southeast that was constructed through three
phases since ~560 ka (Famin et al., 2022; Salvany et al., 2012). The
high relief of these edifices (3070 m on PdN, 2621 m on PdF) creates

a topographic barrier that interacts with regional trade winds from the
southeast to generate a high spatial precipitation contrast, with
~10 m/year of precipitation on the eastern part of the island, com-
pared with <1 m/year on the western side (Gayer et al., 2019). How-
ever, Réunion is also subject to cyclones and high rainfall storms that
overcome island topography to generate a rainfall distribution with
the highest precipitation at the highest elevations. These events can
simultaneously trigger large landslides and heighten sediment produc-
tion (e.g., Garcin, Poisson, & Pouget, 2005; Rault et al., 2022), while
also significantly increasing river transport capacity (e.g., Gayer
etal,, 2025).

Despite the significant spatial precipitation gradient and frequent
cyclone occurrence on Réunion, analyzing drivers of fluvial erosion on
the island is complicated by spatially overlapping gradients in surface
age associated with island construction, leading to the oldest surfaces
of the island also having the lowest amount of annual rainfall. Gayer

et al. (2019) analyzed trends in erosion and precipitation in seven of the
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FIGURE 1 Hillshaded topographic map of Réunion. Background coloring is elevation; nontransparent regions highlight analyzed basins. Thick
black and red lines delineate the topographic boundaries of Piton des Neiges (PdN) and Piton da la Fournaise (PdF), respectively, used for analysis.
Circles are locations of precipitation stations; cool shading shows amount of mean daily precipitation. Squares are river discharge stations, warm
shading shows determined discharge variability. Red borders around discharge stations are those described in Figure 3. Yellow borders and
associated text are basins and regions discussed in text. Inset shows global reference frame of Réunion.
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most-dissected basins in Réunion, finding low erosion rates relate to
lower mean annual precipitation and higher precipitation variability.
However, Gourbet et al. (2024) analyzed 29 basins across the island,
finding that erosion rates decrease with basin age while also increasing
with both basin-averaged mean annual precipitation and basin-
averaged mean annual cyclonic precipitation, giving opposite relation-
ships compared with those derived by Gayer et al. (2019). Based on
numerical modeling of fluvial incision, Gourbet et al. (2024) also
suggested that mean annual cyclonic precipitation influences the rela-
tionship between channel slope and incision within the basins they
studied.

These inconsistencies suggest further exploration is needed to
better understand the relationship between precipitation and fluvial
erosion. This study thus aims to resolve these relationships by con-
ducting new correlation analyses of Réunion drainage basins to sepa-
rate the erosional signals of climate and surface age, as well as the
effects of mean annual climate and climate variability on island ero-
sion and morphology, between PdN and PdF. Furthermore, we
explore radial drainage evolution on shield volcanoes within the con-
text of previous studies (e.g., O'Hara et al., 2024). Though especially
relevant to volcanic terrains, our analysis is broadly applicable to
understanding erosional drivers in varying rainfall, rheological, and

hydrological conditions.

2 | DATA AND METHODS

We investigate first-order relationships between climate, surface age,
morphology, and fluvial erosion on Réunion through correlation ana-
lyses between datasets. These include the daily precipitation, dis-
charge variability, morphology, mean surface, eroded volumes, and
erosion rates of drainage basins on PdN and PdF. Below, we describe
each dataset and methods used to collect them. Collected data and
correlation results are available at https://doi.org/10.5880/GFZ.
1QGU.2025.001 (O’Hara et al., 2026).

21 | Réunion basin topographic boundaries

Our analysis links dataset values to drainage basins, such that each
basin has only one value per metric; however, we include metric
standard deviations when basin averages were calculated. Drainage
basin boundaries are delineated in Figure 1 using TopoToolbox
(Schwanghart & Scherler, 2014). Although the coastline sets the lower
topographic boundary of Réunion basins, the island is marked by sets
of deltas and coastal sedimentary plains. We do not consider these
low-slope regions to be representative of incision-derived drainage
patterns and exclude them when deriving boundaries (Figure 1) based
on the method of Gourbet et al. (2024). We use a 25 m digital eleva-
tion model (DEM) for basin delineation and analysis.

We limit our analysis to basins with areas greater than 0.5 km?
and only those that (1) do not have an extensive complex history
between construction and erosion and (2) have been eroded domi-
nantly through fluvial processes (Figure 1). We thus ignore Réunion’s
cirques and deeply carved basins in this study as many of these fea-

tures have been generated through flank collapse, are alluvial-filled, or

HEd-WILEY

are dominantly eroded via mass-wasting (e.g., Garcin, Poisson, &

Pouget, 2005; Rault et al., 2022), thus altering the potential signatures
between climate, surface age, morphology, and fluvial erosion. The
only exception to this is the Marsouins basin (Figure 1) because it has
been partially refilled over a series of eruptions (Chevallier, 1979),
thereby exposing a renewed surface to fluvial erosion. We also
include this basin because it is one of the few basins in the northeast-
ern sector of PdN, and it is one of only two basins that overlap
between this study and Gayer et al. (2019), thus letting us compare
results between the two studies. In total, we analyzed 79 basins on
PdN and 57 on PdF.

2.2 | Mean daily precipitation

Daily precipitation is available for 249 rain gauges with varying
periods of record between 1900 and present. We use daily records
from stations that have been active from 1950 to 2023 (cool-shaded
circles in Figure 1) (Météo France, 2023).

Réunion experiences large rainfall events in the form of both
cyclones and large storms that fully or partially cover the island. We
analyze the effects of these events by separating the rainfall record
into “small-event” and “large-event” categories. To isolate large
events, we first collect the recorded precipitation for each station and
day (Ps(d), where S represents a station and d is day; Figure 2a,b)
and calculate the mean (Ps) and standard deviation (ﬁs) of daily rainfall
for each station over the entire record. We then standardize each
station’s precipitation as the number of standard deviations greater
than the mean (Ps(d) = (Ps(d) —Ps)/Ps), with values <O treated as
0. Afterwards, we calculate the mean Ps(d) across all stations and
determine the days that had values >5 (Figures 2c, S1, and S2; Text
S1; and Table S1 discuss this value choice). In this manner, we do not
account for whether an event fully or partially covered the island, only
its overall island-wide effect on the record. Finally, as events last
multiple days and have lead-up periods (e.g., Barcelo, Robert, &
Coudray, 1997), we consider large-event periods to range from
10days before to 2days after the high-rainfall day. Small events
correspond to the entire precipitation record with large events sub-
tracted from it (Figure 2d,e). Our approach differs from those of Gayer
et al. (2019) and Gourbet et al. (2024), which based their separation
on the cyclone record. However, as cyclone categorical designation is
based on wind speed and not precipitation, we suggest that our
method is more accurate for determining high precipitation effects on
island erosion and morphology.

We then calculate both mean daily precipitation and daily precipi-
tation coefficient of variability (CoV; Gayer et al., 2019) at each sta-
tion, calculated as the precipitation standard deviation divided by the
daily mean. We then interpolate these values across the entire island
to derive raster images of each value (Figure 2f-k) at the same 25-m
resolution as the DEM. We conduct this interpolation with the
MATLAB® scatteredInterpolant function (MathWorks, Inc., 2024),
using natural-neighbor interpolation for regions between stations and
linear extrapolation for outside regions. Using derived basin outlines,
we calculate the average spatial value of both mean daily precipitation
and CoV of each basin, also separated between the total record, small

events, and large events (Figure 2l-q).
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FIGURE 2 Réunion precipitation data. (a) All recorded daily precipitation values from stations collected from 1950 to 2023; gray shading
shows range of values, black line shows mean values across all stations. Red line highlights large events in the record, with black arrows noting
recorded cyclones (Jouanjean, 2011). (b) Mean precipitation and (c) precipitation normalized as standard deviation distance from mean for the
precipitation record from 1961 to 1967. Red-dashed line in Part (c) is the 5 standard deviation distance threshold used to designate large events.
Designated (d) small-event and (e) large-event mean precipitation values and time ranges for the precipitation record from 1961 to 1967; coloring
is same as that described in Part (a). Text in Part (e) highlights recorded Réunion cyclones (Jouanjean, 2011). (f-h) Interpolated mean daily spatial
precipitation distribution derived by record shown in Part (a), separated by (f) all precipitation, (g) only small-event precipitation, and (h) only
large-event precipitation. Black lines delineate analyzed basins, white dots are precipitation stations. (i-k) Interpolated coefficient of variation
maps derived by record shown in Part (a); separation and symbology are same as that shown in Parts (f-h). (I-n) Mean daily precipitation values
calculated for each analyzed basin; separated the same as Parts (f-h). (0-q) Coefficient of variation values calculated for each analyzed basin;
separated the same as Parts (f-h).

2.3 | River discharge variability relationships between climate and surface evolution via channelized

flow by collecting mean discharge, mean runoff (discharge divided by
Réunion has had 56 river discharge stations placed across the island upstream drainage area), and discharge variability, limiting our analysis
since 1976 (warm-shaded squares in Figure 1). We thus quantify only to stations that (1) do not occur in urban areas, (2) are not
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points are data used to derive discharge variability values; lines are best-fitting inverse gamma functions. Legend shows derived variability values

(k). All stations are shown in Figure S3.

downstream of significant artificial structures, (3) are not placed at
natural springs, and (4) occur in our selected basins. From the 12 sta-
tions that meet our criteria (Figure 3b), we collect all records from
1976 to 2024 (Figure 3a).

Previous studies have considered various mathematical probabil-
ity density functions (pdfs) to describe the magnitude-frequency dis-
tributions of rainfall and associated river discharge (e.g., Crave &
Davy, 2001; Molnar, 2001; Tucker & Bras, 2000). Using discharge
data from Taiwan, Lague, Hovius, and Davy (2005) suggests an
inverse Gamma function adequately replicates magnitude-frequency
distributions, which has since been demonstrated in subsequent stud-
ies (e.g., Desormeaux et al., 2022; DiBiase & Whipple, 2011). We thus
use this same approach here. Following Lague, Hovius, and Davy
(2005), we calculate discharge variability of each station by first
cleaning the data to remove null values associated with time gaps,
then normalizing each record by its mean value. Afterwards, we derive
the complementary cumulative density function (CCDF) of station dis-
charge distributions and fit an inverse gamma pdf to the data using a
minimalization function to determine best-fitting parameter values
(examples given for three stations in Figure 3c-e; all fits shown in

Figure S3). This inverse gamma function has the form

pdf(Q") =

kk+1 k B
Tkt P (‘3) Qe @

where Q* is normalized discharge and k represents discharge variabil-

ity, with lower values indicating greater variability. Similar to the

methodology employed by Desormeaux et al. (2022), we use only
the upper 50th percentile of normalized discharges for our
minimalization, thus ensuring that variability values are based on the
highest-magnitude events (Figure 3c-e). Although Botter et al. (2007)
and Deal, Braun, and Botter (2018) proposed an alternative inverse
gamma function to calculate variability, we find that the function
suggested by Lague, Hovius, and Davy (2005) (Equation 1) fits better
with our data (Figure S3).

Figure 3b demonstrates the results of this analysis, with best-
fitting variability values ranging from 0.09 (high variability) to 4.76
(low variability). Basins with discharge stations that meet our criteria
are limited only to the flanks of Piton des Neiges. However, these
basins are azimuthally scattered across the volcano, letting us consider
the trends in discharge variability in relation to spatial gradients in pre-

cipitation, surface age, and erosion.

2.4 | Basin morphology

To test the relationships between climate, fluvial erosion, and basin
morphology, we collect basin morphometrics using DrainageVolc
(O'Hara et al, 2024), which
(Schwanghart & Scherler, 2014) to calculate common topographic and

incorporates  TopoToolbox
drainage metrics within radial drainage basins. These metrics are sepa-
rated into three categories—basin geometry, roughness, and drainage.
DrainageVolc assumes a single conical landform to calculate basin

metrics; we thus conduct this analysis for PAN and PdF separately
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FIGURE 4 Hillshaded maps of some basin morphometry metrics explored in this study. Colors correspond to metric values; lines delineate

analyzed basins from surrounding topography.

using the topographic boundaries in Figure 1. Figure 4 displays exam-
ple values for six of these metrics.

Basin geometry metrics include basin area, maximum width, length,
relief, aspect ratio (width divided by length; Figure 4a), mean topo-
graphic slope (Figure 4b), hypsometry integral (Strahler, 1952;
Figure 4c), and azimuthal orientation relative to the peak (as proxy for
windward and leeward sides of the island). Roughness metrics are used
as a proxy for surface age and include slope variance and basin
roughness (Figure 4d). Slope variance is calculated as the standard devi-
ation of slope divided by the mean slope within each basin. Basin
roughness is determined by calculating the difference between the
mean elevation of a DEM pixel and the mean elevation of surrounding
cells within a 10-km window (the “topographic position index” [TPI];
Schwanghart & Scherler, 2014), then taking the average value of all cells
within a basin.

Finally, drainage metrics are calculated as another proxy of land-
scape maturity and include Hack's law exponent (Hack, 1957;
Figure 4e), drainage density (Horton, 1945; Figure 4f), basin confor-
mity (Black et al., 2017), Strahler order (Strahler, 1957), sinuosity of
the main channel, and channel concavity. In all cases, we derive chan-
nel networks assuming a drainage area threshold of 0.1 km2. Hack’s
law is calculated by plotting the drainage areas and lengths (from
channel head) of each channel, then deriving the best-fitting power
law function. Drainage density is calculated by summing the lengths
of all channels within a basin and dividing by the basin’s drainage area.
Following Black et al. (2017), basin conformity is derived by first
determining the difference in direction between the channel and a
flow path derived from topography filtered with a wavelength equiva-
lent to the edifice’s radius at each point in the channel, then calculat-
ing the mean difference in each basin. Channel sinuosity is calculated
as the planform length of the trunk channel divided by the Euclidean

distance between the channel endpoints. Finally, we calculate channel

concavity by conducting an y analysis of the channel network in each
basin (Perron & Royden, 2013). y represents a river channel profile’s
horizontal coordinate (x) transformed to remove concavity by the

equation (Perron & Royden, 2013)

o] ()

where A(x) is upstream drainage area, Ay is a reference drainage area
(1km?), and m/n is channel concavity. Using scripts from Top-
oToolbox, channel concavity is found through a Bayesian optimiza-
tion that finds the m/n that best reduces the y-elevation profile to a
straight line.

2.5 | Geologic unit and basin age
Previous works have resulted in comprehensive geologic maps of the
island (e.g., Lacquement & Nehlig, 2008; Nehlig et al., 2006), dis-
tinguishing the units and ages of the two volcanoes’ constructive
phases (Figure 5a,b, raster). Furthermore, multiple studies (Albert
et al., 2020; Famin et al., 2022; Salvany et al., 2012) provide radiomet-
ric ages of individual units across the island (Figure 5a,b, points). Using
these data, we derive ages of each basin representative of the time
since the basin formed (Figure 5c-f).

The intricate convolution between constructive and erosive histo-
ries in volcanic settings makes deriving representative basin ages a
difficult task. While the principle of superposition holds on volcanic
units (i.e., higher stratigraphic units are younger) since Réunion has had
multiple stages of growth and erosion, units within basin valleys may
represent exposed older units from an earlier phase or younger lava

flows from a more recent phase that utilized pre-existing terrain.
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FIGURE 5 Hillshaded maps of geologic units and derived basin ages. A: Map of geologic units. Colors correspond to unit construction phase;
black lines are basin boundaries; white points are locations of radiometric age sampling. Acronyms represent the separate construction phases of
each volcano (Salvany et al., 2012)—LM, La Montagne massif; PN, Piton des Neiges; PF, Piton de la Fournaise. Dominant material in all phases is
effusive lava deposits of varying composition. (b) Associated unit and radiometric sample mean ages. (c-f) Derived basin ages based on (c) divide-
averaged unit ages, (d) basin-averaged unit ages, (e) highest basin radiometric sample relative to channel, and (f) oldest basin radiometric sample.
Black lines and white dots correspond to only analyzed basin boundaries and associated radiometric sample locations.

Similarly, the current state (e.g., morphometry and hydrology) of a basin
may be a product of the long-term evolution of the basin from its
initiation or represent alteration associated with partial refilling from
volcanic units.

To account for these complexities, we derive basin ages through
four methods. The first two methods only regard unit ages from the
geologic map. First, we consider units at the divides of each basin to
be representative of the time since the basin initialized and thus calcu-
late mean unit ages at these regions (Figure 5c). Second, we consider
every unit within the basin to be representative of its erosion time
and state, accounting for both older and younger phases of construc-
tion, and thus calculate mean ages of all units within basin boundaries
(Figure 5d). Basin ages derived from these two methods are largely
similar, but some differences exist. Considering only radiometric sam-
ples collected from previous studies, the third and fourth methods
designate basin ages based on the highest sample point relative to the
channel (as proxy for the time since the current basin may have begun
incising; Figure 5e), and the oldest sample point within the basin
(as proxy for the time in which erosion may have begun; Figure 5f).
For radiometric data, we use the standard deviation of the sample as
the basin’s age range. For divide- and basin-averaged unit values, age
range is the standard deviation of the mean unit ages of all pixels on
the divide or within the basin. We make no a priori assumption for
which age is most representative of basin morphology and thus report

results of all four methods.

2.6 | Eroded volumes and erosion rates

We quantify the amount of eroded material and erosion rates at the
10-1000 kyr timescale by reconstructing the topographies of both
volcano edifices. Although Salvany et al. (2012) and Gayer, Michon,
and Villeneuve (2021) conducted extensive reconstructions of
Réunion by fitting expected volcanic shapes to units on the island, we
instead use the approach conducted by Gourbet et al. (2024). Un-
eroded surfaces of each basin are reconstructed by natural-neighbor
interpolation across basin divides (Figure 6a). Eroded topography is
then calculated by subtracting reconstructed elevations from current
elevations (Figure 6b). Afterwards, basin eroded volumes are derived
by summing the amount of eroded topography within each basin and
multiplying by DEM pixel area. For comparisons across basins, we also
calculate normalized basin eroded volumes (eroded volume divided by
reconstructed volume) and the maximum elevational difference
between reconstructed and current topography. Figure S4 compares
our reconstruction to Gourbet et al. (2024).

Combining eroded volumes with basin ages, we derive basin erosion
rates. These are calculated as both volumetric basin erosion rates (total
basin eroded volume divided by basin age) and lowering rates (eroded
topography of each pixel divided by the corresponding basin age), then
collecting mean and maximum values within each basin. As we calculate
basin ages with four separate methodologies, volumetric erosion rates

and lowering rates are also divided into sets of values (Figure 6d-g).
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FIGURE 6 Réunion topographic reconstruction. (a) Reconstructed topography based on the basin-scale reconstruction method. Black lines
show analyzed basin boundaries. (b) Eroded topography estimations (reconstructed topography minus current topography). Transparent regions
correspond to non-analyzed volcano sections. (c) Total amount of estimated eroded volume within each analyzed basin. (d-g) Mean basin erosion
rates calculated by dividing eroded topography by (d) divide-averaged basin ages, (e) basin-averaged ages, (f) the highest radiometric sample of
each basin relative to channel, and (g) oldest radiometric sample of each basin.

Ranges of volumetric erosion rates and lowering rates are derived by re-

calculating these values with basin ages adjusted by the age range.

2.7 | Correlation Analysis
After collecting the data, we conduct Pearson’s linear correlation analyses
between metrics using the MATLAB® corrcoef function. In most cases
we assume relationships within linear space; however, some parameters
range multiple orders of magnitude. In these cases, we use the logarith-
mic data value, thus considering the relationship as a power law. In all
cases, we assume a significance threshold of 0.05. We do not alter the
significance threshold to account for multiple comparisons and note that
more stringent statistical approaches remove weaker correlations
(Supplemental Text and Figures S5-S8). Given the large number of
pairwise tests, we also report false discovery rates (FDR) from corrected
significance in Tables S2 and S3; the overall interpretation is unchanged.
Collecting metrics associated with the datasets described in
Section 3 for each basin allows us to analyze the covariance of metrics
between datasets (dataset cross-correlations) and within one dataset
(dataset auto-correlation). We focus our analysis on seven dataset pairs
to test the influence of precipitation and age on basin morphology and
erosion rate: (1) basin morphology-basin morphology, (2) basin
morphology-precipitation, (3) basin morphology-discharge variability,
(4) basin morphology-basin age, (5) precipitation-eroded volume,

(6) precipitation-erosion rate, and (7) basin morphology-erosion rate.

3 | RESULTS

Figures 7-10 show the results of these correlations as matrices col-
ored by correlation coefficient and separated between PdN and PdF

as well as biplots of specific relationships.

3.1 | Basin morphometry auto-correlations

On both PdN and PdF, basin geometrics are largely positively corre-
lated with each other (Figure 7a,b). As is expected, this shows that
basins with larger areas also have larger widths, lengths, and reliefs, as
well as steeper slopes. These geometries share few relationships with
basin hypsometry on PdN but are positively correlated on PdF. Simi-
larly, basin orientation only has a negative correlation with basin area
and width, and a positive correlation with hypsometry integral on
PdN, and a positive correlation with mean basin slope on PdF.

Concerning roughness parameters, PAN and PdF have similar pos-
itive relationships between 10-km mean basin roughness and most
basin geometry metrics. However, these similarities do not extend to
basin slope variances, with slope variance having no relationship with
basin geometry on PdF. Conversely, on PdN, slope variance is posi-
tively correlated with basin area, width, length, and relief, and nega-
tively correlated with basin orientation.

Correlations associated with the drainage metrics are less systematic.
Considering relationships that are similar between PdN and PdF, Strahler
order and channel sinuosity are generally positively correlated with basin
geometry metrics (with the exception of basin hypsometry and orienta-
tion), positively correlated with roughness metrics, and positively corre-
lated with each other. Similarly, whereas Strahler order is negatively
correlated with Hack's law exponent, basin sinuosity is negatively corre-
lated with drainage density. Furthermore, basin aspect ratio is negatively
correlated with Hack's Law exponent and drainage density, and mean
basin slope is negatively correlated with basin conformity.

Other metrics have varying relationships between the two volca-
noes. For example, while basin width is negatively correlated with drain-
age density and basin conformity on PdN, no relationship exists on PdF.
Similarly, whereas basin conformity and orientation have a positive corre-
lation on PdN, the correlation is negative on PdF. Finally, channel concav-

ity is negatively correlated only with basin area and stream order on PdN
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FIGURE 7 Auto-correlation analysis of edifice basin morphometry metrics. (a,b) Correlation values for (a) only PdN and (b) only PdF. Red
colors correspond to positive correlation; blue colors correspond to negative correlations. White squares correspond to no correlation with p
values greater than 0.05. Thick black boxes and letters correspond to Panels (a-h). (c-h) Biplots of data shown in Panels (a,b). Black circles and
lines are PdN data and regression, respectively. Orange circles and lines are PdF data and regression, respectively. Dashed lines represent
relationships with p values greater than 0.05. Error bars show standard deviation of data where appropriate. Legend shows regression equation,
R? value, and correlation p value.
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but experiences no correlation on PdF. This comparison suggests that
although the two volcanoes are largely similar, correlation differences
exist for various metrics, with highest differences occurring for basin

hypsometry, slope variance, and channel sinuosity.
3.2 | Basin morphometry, climate, and age cross-
correlations

We observe multiple relationships between basin morphometrics and

precipitation (Figure 8a,b). To the first order, correlation signs

between basin morphology and mean daily precipitation are generally
inverted for precipitation coefficients of variation (CoV). This is
expected as CoV incorporates mean precipitation in the denominator;
we thus ignore describing these inversions in further detail. Similarly,
both mean precipitation and CoV have high correlations with basin
orientation. This follows the island’s precipitation gradient and is again
expected.

Comparing  basin  morphology-precipitation  relationships
between PdN and PdF, many relationships appear inverted between
the two volcanoes. On PdN, we find high positive correlations

between mean daily precipitation values of large events and basin
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FIGURE 8 Cross-correlation analyses between basin morphometry, precipitation, river discharge variability, and derived basin ages.
Symbology is the same as described in Figure 7. (a,b) Correlation values for (a) only PdN and (b) only PdF. Gray boxes represent non-applicable
correlations; in Part (a), this is because datasets are correlated against themselves, in Part (b) this is because discharge data were not analyzed for

PdF. (c-h) Biplots of data shown in Panels (a,b).
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geometries, with fewer correlations existing for mean daily precipita-
tion values of small events and the total record. On PdF, some posi-
tive correlations exist between large event mean daily precipitation
and basin geometries, but none for the other mean daily records. All
mean precipitation records are positively correlated with slope vari-
ance on PdN, with no correlations existing for PdF. Similarly, most
CoV records on PdN generally have negative correlations with basin
geometries (with exception to basin hypsometry integral), positive
correlations with drainage density and basin conformity, and negative
correlations with stream order and channel sinuosity; whereas CoV
records on PdF are positively correlated with basin geometries,
negatively correlated with drainage density, not correlated with basin
conformity, and positively correlated with Strahler order and channel
sinuosity.

On PdN, there are no observable correlations between discharge
variability and basin geometries, nor between discharge variability,
precipitation, and basin age. There is also no correlation between
mean runoff and the other metrics. However, there are positive corre-
lations between mean basin discharge, basin area, width, length, and
Strahler order (as expected from basin hydrology; Leopold &
Maddock, 1953), as well as between mean basin discharge and mean
precipitation of large events. As PdF has no basin with discharge sta-
tions that met our criteria (Section 3.3), we cannot draw similar con-
clusions for this volcano.

In general, divide-averaged basin age correlations are the same as
those with basin-averaged ages; we thus only describe results of the
divide-averaged ages. This is largely the same between the highest
radiometric sample basin age and oldest radiometric sample basin age,
with very few correlations existing between these age designations
and basin morphology. In most age designations, we observe a posi-
tive correlation with basin orientation. As this follows the expected
spatial trend described by Gourbet et al. (2024), we also ignore this.

Like other dataset comparisons, we find that PdN and PdF share
some similarities in correlations between divide-averaged basin age and
basin morphology. Particularly, divide-averaged basin ages on both vol-
canoes have negative correlations with drainage density and positive
correlations with channel sinuosity. Basin-averaged ages also positively
correlate with basin width and hypsometry integral on both volcanoes.

Differences in divide-averaged basin ages and basin morphologies
also exist between the two volcanoes. Divide- and basin-averaged
ages on PdN are positively correlated with aspect ratio, mean slope,
and 10-km mean basin roughness, and negatively correlated with
slope variance and basin conformity; however, on PdF, divide- and
basin-averaged age is positively correlated with basin area, basin
width, and slope variance.

These comparisons between PdN and PdF suggest differences
(and in some cases inverted relationships) in basin morphologic evolu-

tion related to precipitation, age, and surface maturity.

3.3 | Precipitation and erosion rate cross-
correlations

Comparing precipitation metrics to eroded volumes and erosion rates
(Figure 9a,b), the same inverse trends between mean precipitation
and CoV occur. Eroded volumes, normalized eroded volumes, and

maximum elevation differences are positively correlated with mean

HEd-WILEY

precipitation and negatively correlated with CoV on PdN, while these

same metrics have no correlations with mean precipitation and posi-
tive correlations with CoV on PdF.

Although PdN and PdF have inverse relationships between
eroded volume metrics and precipitation, relationships are generally
similar for the two volcanoes regarding erosion rate metrics
(volumetric erosion rate, mean lowering rate, maximum lowering rate),
particularly for both the erosion rate metrics derived from the divide-
averaged and basin-averaged ages. However, fewer correlations exist
between volumetric erosion and precipitation on PdF, and no correla-
tions exist between maximum lowering rates, the CoV of the entire
record, and the CoV of only large events on PdN.

Finally, differences exist between the two volcanoes for relation-
ships between precipitation and the erosion rate metrics derived from
the radiometric samples. Although no correlations exist for the major-
ity of precipitation—erosion rate relationships on PdN (both volumet-
ric erosion rate and lowering rate), these correlations are some of the
highest for PdF.

3.4 | Basin morphometry and erosion rate cross-
correlations

Correlations between erosion rates and basin morphology (Figure 10a,b)
show PdN and PdF share approximately the same trends. Furthermore,
correlations are generally similar between basin morphology and the two
erosion rates derived by geologic map ages (divide-averaged and basin-
averaged ages), as well as between basin morphology and the radiomet-
ric ages (highest sample point relative to the channel and oldest sample
point). However, erosion rates derived by geologic map ages have over-
all more significant correlations than radiometric ages.

For PdN and PdF, basin area, width, length, relief, aspect ratio,
mean slope, 10-km mean roughness, and Strahler order are all positively
correlated with erosion rates derived by geologic map unit ages.
Whereas basin orientation is also negatively correlated with all of the
erosion rate metrics derived by geologic map unit age on PdN, negative
correlations only exist for the maximum divide-averaged erosion rate,
mean basin-averaged erosion rate, and maximum basin-averaged ero-
sion rate on PdF. Furthermore, slope variance and channel sinuosity are
positively correlated, and drainage density and channel concavity are
negatively correlated, with the majority of erosion rate metrics derived
from geologic map unit ages on PdN. These trends do not occur on
PdF, with the only exceptions being a positive correlation between
channel sinuosity and the mean volumetric erosion rates, as well as a
positive correlation between drainage density and maximum lowering
rates, from both divide-averaged and basin-averaged estimates.

Considering erosion rates derived from radiometric samples, the
only correlations on PdF are negative correlations between basin ori-
entation and all erosion rate metrics. On PdN, for erosion rates
derived from the highest sample point relative to the channel, we find
a positive correlation for mean volumetric erosion rate and basin area,
basin width, and mean basin slope, and negative correlations between
basin conformity, mean volumetric erosion rate, and mean lowering
rate. For erosion rates derived by the oldest sample point, there exist
positive correlations between most erosion rate metrics and basin
area, basin width, basin length, basin relief, slope variance, and Stra-

hler order; as well as a positive correlation between channel sinuosity
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FIGURE 9 Cross-correlation analyses between precipitation and erosion rates. Symbology is the same as described in Figure 7. (a,b)
Correlation values for (a) only PdN and (b) only PdF. (c-g) Biplots of data shown in Panels (a,b).

and mean volumetric erosion rate; and negative correlations between
basin conformity, mean volumetric erosion rate, and mean lowering
rate. In summary, we find that (1) unit-based correlations are largely
similar while radiometric-based correlations are largely different and
(2) between volcanoes, correlation differences exist dominantly for
roughness and drainage parameters.

4 | DISCUSSION

41 | Basin morphology
O'Hara et al. (2024) compared edifice morphologies to their ages of
activity for 12 stratovolcanoes from Indonesia, Guatemala, Papua

New Guinea, and New Zealand. Considering mean morphometrics of

the edifice and its encompassing drainage basins, they derived a gen-
eralized model for edifice erosion and radial drainage evolution.
Although edifice-averaged values were used to define broad erosion
histories, they speculated that individual basin morphometrics may be
used within the confines of the edifice to estimate local differences in
construction and erosion.

Comparing the metrics of our basin morphology dataset to each
other and time, we test several observations from O’Hara et al.
(2024). First, comparing the relationships between basin morphomet-
rics, we investigate the general evolution and geometric dependencies
of radial drainages on shield volcanoes, letting us test if the relation-
ships derived by O’Hara et al. (2024) are valid only on stratovolcanoes
or are applicable to other radial landforms. Second, given the spatial
gradient in lithologic age across Réunion, we can test whether local

differences in basin morphology have a time dependence. Particularly
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important is separating this time dependence from potential evolution
associated with the island’s precipitation gradient.

O'Hara et al. (2024) found that basin Hack’s Law exponent, drain-
age density, and normalized length all decrease with age, while basin
hypsometry integral and width increase with age. In our analysis, we
would thus expect basin Hack’s law exponent, drainage density, and
length to be positively correlated; basin hypsometry integral
and width to also be positively correlated; and relationships between
the two sets of metrics to be negatively correlated. In Réunion, Hack’s
law and basin width are negatively correlated on both PdN and PdF;
drainage density and basin width are negatively correlated on PdN;
and hypsometry integral and basin width are positively correlated on
PdF (Figure 7). However, we also note a positive correlation between
basin length and width on both volcanoes, and no correlations
between the other metrics.

Comparing morphometrics to unit-based mean basin ages
(Figure 8), drainage density is negatively correlated, basin width is
positively correlated, and hypsometry integral is positively correlated
on both PdN and PdF, meeting the expectation from O'Hara et al.
(2024). Considering the same comparisons to mean daily precipitation,
we cannot rule out dual causality for basin geometries (i.e., does basin

width correlate with mean daily precipitation because more rainfall

has driven larger basins, or that larger basins simply collect more rain?)
and thus ignore relationships for basin length and width. Of those that
remain, drainage density and mean daily precipitation is negatively
correlated on PdN and positively correlated on PdF (entire, small-
event, and large-event records), while hypsometry integral is weakly
negatively correlated with only small-event precipitation on PdN and
not correlated with any precipitation records on PdF.

O'Hara et al. (2024) found that hypsometry integral and normal-
ized basin width were the strongest indicators for an edifice’s ero-
sional state (R? values with activity age of 0.64 and 0.61, respectively),
followed by normalized basin length (R? = 0.47), drainage density
(R? = 0.45), and Hack’s Law exponent (R? = 0.39). In our analysis,
relationships between hypsometry integral, basin width, and drainage
density meet the expected trends derived from stratovolcanoes. Fur-
thermore, these metrics share correlations with unit-based basin age.
The lack of correlation (or inverse correlation between PdN and PdF)
of these metrics with precipitation suggests that these morphometrics
have a time-based dependency. We thus conclude that the relation-
ships derived by O’Hara et al. (2024) are applicable to basin evolution
on shield volcanoes and that local differences in basin morphometries
relate to the spatial differences in construction history. However, we

note that the R? values of these relationships are low (ranging 0.06-
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0.36), suggesting that although correlations are statistically significant

(p value < 0.05), a large portion of variability in the data is not
explained by linear or power-law relationships. These lower R? values
compared with those derived by O’Hara et al. (2024) may be due to
our consideration of individual basin values rather than mean values
over the entire edifice (which would smooth highly-variable data), as
well as a high number of variables that may influence individual
parameters (further affected by high spatial variability), which may be

further resolved in future work through multivariate analysis.

4.2 | Precipitation and discharge

Despite the inherent relationship between rainfall and river discharge,
we find that discharge variability shares no statistically significant
correlation with basin morphology and precipitation metrics. Various
factors may influence this result. The simplest is that we may not have
enough data to derive meaningful relationships. Although a total of
56 discharge stations have existed on the island, our criteria for useful
stations (described in Section 3.3) limits the number of basins
analyzed to 12. Given the spatial distribution of these basins, basin
morphology and precipitation metrics may be too variable to establish
a trend.

A second reason may relate to the location of discharge stations
within each basin. Our morphology and precipitation metrics are
derived over the entire basin, whereas discharge variability is limited
to the region upstream of the station. Stations near the basin outlet
are likely most accurate to basin morphology and overall precipitation
trends, whereas accuracy decreases the closer the station is to the
basin headwaters. For our stations analyzed, five are near the basin
outlet, five occur mid-basin, and two are stationed near the
basin headwaters (Figures 1 and 3b). However, collecting datasets
only in the watersheds upstream of each discharge and re-conducting
our analyses (Supplemental Text and Figure S9) provides similar corre-
lations and relationships, suggesting that this is not the case.

Yet a third possibility is due to nonlinear rainfall variations within
catchments. The combination of trade winds and the steep reliefs of
Réunion leads to significant microclimates that generate a high degree
of local spatial variability in precipitation (Réchou et al., 2019) that
may not be reflected in our assumed linear interpolation from the pre-
cipitation stations (Figure 2e-j).

Rainfall that does reach catchments also is subject to varying
ecohydrologic effects such as canopy interception and evapotranspi-
ration, which can alter the transference from precipitation to runoff
(Herwitz, 1985; Rossi, Whipple, & Vivoni, 2016). On Réunion, water-
sheds differ substantially in their vegetation cover; the lower- and
mid-flanks on the eastern side of PdN are marked by lush tropical
rainforests, the western lower flanks by more dry forest environ-
ments, and the upper flanks by a mix of rainforest, herbland, and
shrublands (Strasberg et al., 2005). These environmental variations
can also occur within a single basin transitioning from the upper flank
to lower flank, and thus may lead to vastly different responses in run-
off (e.g., Dunne, Zhang, & Aubry, 1991).

Lastly, basin runoff may be further affected by groundwater
dynamics. Réunion was dominantly constructed through multiple
deposits of effusive lava. As these flows cool, contraction-based frac-

turing increases the unit's permeability. In their study of the

morphologic state of shield volcanoes globally, Jefferson et al. (2014)
demonstrated a time-related change in morphologies from “weakly-
dissected” to “substantially-dissected” occurring at volcano ages rang-
ing 500-2000 ka, attributing this change to the ability of fractures to
fill (via chemical dissolution, organic material, aeolian sediment, and
clay generation and compaction; e.g., Wells et al., 1985; Rech,
Reeves, & Hendricks, 2001), soils to develop, and runoff to occur.
Although vegetation can grow quickly (<10 years) on cooled Réunion
lava flows (Albert et al., 2020), analysis from the Oregon Cascade
Range (USA) suggests full drainage development on lava flows may
take 10-1000 kyr (Jefferson et al., 2010). Including the effects of
flank collapses (e.g., Jefferson et al., 2014), this leads to a complex
groundwater structure both internally within a single lava flow as well
as broadly through the accumulated mass of flows that provides com-
plex and often deep pathways for rainfall infiltration (Join, Folio, &
Robineau, 2005). The potential effects of groundwater are demon-
strated in the normalized discharge CCDFs (Figure 3c,e). Rather than a
smooth distribution that fits well with the inverse Gamma function
such as in Figure 3d, the distributions contain multiple steps that fall
outside of the inverse Gamma function. In their study of runoff vari-
ability within the contiguous United States and Puerto Rico, Rossi,
Whipple, and Vivoni (2016) note the impact basin water storage in
the form of snowpack has on adequate runoff probability analysis, as
well as the overall nonlinearity associated with transforming rainfall
into runoff, especially within arid environments. An analogous effect
may be caused by the high amount of infiltration and resurgence on
the island, such that channel discharge does not always monotonically
increase downstream (e.g., Violette et al., 1997). This is demonstrated
by Barcelo (1996), who estimated that 70%-80% of rainfall within
Ravine du Baril (Figure 1) is infiltrated, leading them to suggest an
~70% rainfall infiltration rate over all of PdF. The hydrogeologic struc-
ture of Réunion, as well as its climatic range, may thus skew possible

relationships between basin precipitation and discharge.

4.3 | Whatdrives erosion on volcanic islands?
Previous studies have investigated the role of precipitation in eroding
Réunion through different approaches, with varying results. Gayer
et al. (2019) focused only on the three cirques and four large highly
eroded basins of the island, reconstructing topography by fitting axi-
symmetric conical landforms to the uneroded remnants (i.e., planézes)
of PdN (Gayer, Michon, & Villeneuve, 2021), and interpolating eleva-
tions between basin divides on PdF. Furthermore, they separated pre-
cipitation by the cyclonic record and analyzed relationships of the
island without separating PdN and PdF basins. Their results showed
that erosion rates (>1 mm/year) were negatively correlated with basin-
averaged mean annual precipitation and positively correlated with
basin-averaged coefficient of variation (CoV) of the entire precipitation
record. Such relationships were further demonstrated by Garcin,
Poisson, and Pouget (2005) and Rault et al. (2022) in their analyses of
River Remparts catchment and Salazie Cirque, respectively, showing
that mass-wasting significantly increased following cyclonic rainfall
and may contribute to 20% long-term erosion within these basins.
Gourbet et al. (2024) incorporated the seven basins from Gayer
et al. (2019) in their analysis, as well as 22 smaller basins from the

southern, eastern, and northern flanks of PdN. They reconstructed
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the topography of each basin by interpolating elevations between
basin divides and derived erosion rates by dividing the amount of
eroded basin volume by the age of the most recent known lava flow
and basin area. Similar to Gayer et al. (2019), they considered
relationships with both mean annual precipitation and mean annual
cyclonic precipitation; however, they did not analyze variability. They
also did not explicitly separate basins between PdN and PdF but
considered whether basins were on the windward or leeward sides of
the island.

Our analysis expands both studies. Like Gayer et al. (2019), we
analyze the effects of mean precipitation and precipitation variability;
and like Gourbet et al. (2024), we reconstruct topography by interpo-
lating elevations across basin divides. Differences between our study
and previous works include the following: (1) We ignore the cirques,
most basins with complex histories, and basins that are eroded via
mass-wasting, focusing instead on smaller basins across the island;
(2) we separate basins based on volcano, thus analyzing 79 basins on
PdN and 57 on PdF; (3) we separate the precipitation record by small
and large events based on the amount of variation compared with the
average record, rather than by cyclones; (4) we incorporate a variety
of basin age designations into our erosion rate calculations; and (5) we
expand our analysis to consider basin morphometrics.

Conducting our analysis in this manner provides new details on
the role of precipitation and age on basin fluvial erosion and morpho-
logic evolution. As a first-order result, in nearly all age designations,
erosion rate is positively correlated with mean precipitation and nega-
tively correlated with precipitation CoV (Figure 9a,b). These relation-
ships are opposite in sign from the ones suggested by Gayer et al.
(2019); however, the positive correlation between erosion rate and
precipitation is like that found by Gourbet et al. (2024).

Despite the similarity in erosion rate-precipitation relationships
between the two volcanoes, basins on PdN and PdF often experience
opposite relationships. For example, eroded volumes are positively
correlated with mean precipitation and negatively correlated with pre-
cipitation CoV on PdN while experiencing no correlation with mean
precipitation and positively correlated with precipitation CoV on PdF
(Figure 9a,b). Similarly, basin metrics are generally positively corre-
lated with mean precipitation and negatively correlated with precipita-
tion CoV on PdN, and generally not correlated with mean
precipitation and positively correlated with CoV on PdF (Figure 8a,b).

A few possibilities exist to explain these differences in
relationships between PdAN and PdF. One is that relationships
between precipitation, eroded volumes, and basin morphologies on
Réunion are nonlinear. Given the high precipitation gradient across
the island, this would imply that basins experience varying behaviors
at different values of mean precipitation or CoV. The CoV of small
events ranges ~2-3 on PdF and ~3.5-4.5 on PdN (Figures 8c,d and
9d) with their relationships to eroded volume and morphology being
inverse between the two volcanoes. However, mean daily
precipitation (particularly that of large events; Figures 8e and 9c) has
overlapping values between PdN and PdF, making this explanation
less plausible.

A second explanation may relate to paleoclimate conditions of
the island. Given that basin eroded volumes and morphologies repre-
sent the cumulation of the long-term history of a basin, and that PdN
and PdF have such drastic differences in age, comparing values to the

modern precipitation record may not be appropriate if climate

HdE-WILEY
conditions have changed over the past 2000 kyr. This is particularly
relevant as prior to the formation of PdF (~560 ka; Kluska, 1997),

PdN would have been the only topographic barrier to climate and thus

would have experienced higher precipitation. Gourbet et al. (2024)
noted that trade winds and mean annual precipitation have remained
consistent over at least the past 800 kyr in the Réunion area, based
on numerical simulations by S. Steinig (University of Bristol, personal
written communication, June 2024) and derived from Valdes et al.
(2017) and Armstrong et al. (2023). Still, we cannot rule out the possi-
bility that this pattern is inapplicable to the entire lifespan of PdN.
However, many of our analyzed basins on PdN have divide-averaged
unit ages, basin-averaged unit ages, and highest sample point ages all
<600 ka (Figure 5), within the time range that trade winds were similar
to today and approximately corresponding to the time since PdF con-
struction. As we argued that these derived ages are representative of
the time since the basin formed, we thus suggest that the relation-
ships found here are representative of climatic conditions experienced
by these basins throughout their histories. The only exemptions to
this are a cluster of basins in the northwest (i.e., La Montagne massif;
Salvany et al., 2012), two basins in the northeast (the Marsouins and
Bras sec basins), and the Bois de Néfles basin in the south (yellow-
highlighted basins in Figure 1), all of which have divide-averaged and
basin-averaged ages >600 ka.

Finally, a time dependence on the influence of precipitation for
erosion and landscape evolution may explain the differences in behav-
jor between PdN and PdF basins. As mentioned in Section 4.2,
Réunion has been constructed through a series of lava flows—initially
highly-permeable features that decline in permeability with time, all-
owing surface drainage formation (Jefferson et al., 2014). As PdF is
the youngest of the two volcanoes with lava flows from the past
50 years emplaced in some analyzed basins, it is likely that these
basins are still highly permeable. Erosion of these basins may thus be
insensitive to mean daily precipitation and only generate runoff and
erosion in response to large rainfall events. This would explain why
eroded volumes and basin morphologies are positively correlated with
precipitation CoV and mean precipitation of large events rather than
total record mean precipitation (Figures 8a,b and 9a,b). However, we
do observe a positive correlation between mean precipitation and
erosion rate on PdF (Figure 9b). The permeability explanation would
thus suggest that this correlation is the product of these young,
permeable basins occurring in the same spatial region as the highest
precipitation values, rather than being a causal relationship. Only after
the surface becomes less permeable with time can mean precipitation
begin to impact erosion and evolution. This could explain the positive
correlations between basin morphology and mean precipitation, as
well as the correlations between basin morphology and basin age, on
PdN (Figure 8a). We also note that although the temporal resolution
of PdF basin ages is too coarse to adequately establish a time-
dependent evolution, four basins on this volcano have divide-
averaged and basin-averaged ages >100 ka, with morphology values
that fit well within the relationships established for PdN (Figure 8f-h).
Furthermore, this interpretation matches the relationships established
by Gourbet et al. (2024) and supports the mechanism suggested by
Gayer et al. (2019) for Réunion surfaces <70 ka. We thus suggest that
precipitation variability is the dominant driver of erosion on young
volcanic settings (e.g., PdF), and mean precipitation becomes the dom-

inant driver on old volcanic surface (e.g., PdN).

85UB01T SUOWWOD BAIER.D 8|dedlidde aup Aq pausenob a1e Sajo 11 YO ‘88N JO S9N 10} ARIqIT BUIUO AB]IM UO (SUORIPUOD-PUR-SLURYWO0™AB | IMAfeIq U1 |UO//SONY) SUORIPUOD PUe SWiB | 38U} 88S *[9202/70/c0] U0 AriqITaulUO AB]IM ‘8oLl 8URI400D AG 6920. '0S8/200T OT/I0p/W0d" A3 1M Aeiq Ul |uo//SAnY Wol4 papeoumMoqd ‘v ‘920¢ ‘LE86960T



O'HARA ET AL.

16 of 18 WILEY_IETT8
5 | CONCLUSION

We analyzed the effects of surface age, mean precipitation, and pre-
cipitation variability on drainage basin erosion rates and morphology
in Réunion. Expanding on previous studies (e.g., Gayer et al., 2019;
Gourbet et al., 2024), we conducted a higher-resolution analysis of
the relationships between spatiotemporally varying drivers of erosion
and basin parameters by conducting series of correlation analyses
between seven sets of metrics across 136 basins on Réunion, split
between PdN and PdF.

Our results indicate a time-dependent effect of precipitation on
basin erosion and evolution within volcanic terrain. On PdF (the youn-
ger volcano of the island), correlation analyses suggest that rainfall
variability is the more influential process that governs drainage inci-
sion and basin growth; whereas on PdN (the older volcano), correla-
tions suggest that mean annual rainfall is the more dominant driver of
erosion and evolution. We attribute this change to alterations in sur-
face permeability associated with the weathering of young, highly per-
meable lava flows into older surfaces that allow soil formation and
drainage runoff (e.g., Jefferson et al., 2014).

The impacts of water infiltration and resurgence on volcanic sur-
faces are also consistent with our results through the lack of correla-
tion between precipitation and river channel discharge variability. This
is further supported by lack of statistically significant correlations
between channel discharge variability and other datasets within our
analysis (e.g., basin morphology and precipitation), suggesting ground-
water structure may play a significant role in controlling erosion on
Réunion, as observed on other volcanic islands (e.g., Ferrier,
Huppert, & Perron, 2013; Jefferson et al., 2010). Despite this influ-
ence, our results also show that drainage basin evolution on shield
volcanoes approximately follows the trend established for stratovol-
canoes (O’Hara et al., 2024), suggesting evolutionary predictions can
be applied to radial volcanic landforms in general.

More detailed analysis is needed to clarify when and under what
conditions volcanic surfaces transition from being primarily shaped by
precipitation variability to being controlled by mean precipitation, as
well as to further establish the influence of groundwater structure on
landscape evolution. Such research could include finer-scaled analysis
of river network geometries and properties along the flanks of PdN
and PdF, as well as numerical landscape evolution modeling of the vol-
canic surfaces that incorporate runoff variability (e.g., Deal, Braun, &
Botter, 2018) and groundwater flow (Braun & Deal, 2023; Litwin
etal, 2022).
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