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What drives landscape evolution? Are fluvial systems a reliable proxy for climate? Can we use the geomorphic relationships
we see on Earth to decipher the ancient Mars hydroclimate? These are some of the questions that have guided my research
and I would aspire to answer as a Reginald A. Daly Postdoctoral Research Fellow based in the Department of Earth and
Planetary Sciences at Harvard University. I work to investigate topographic signals and landscape changes over a range
of spatial and temporal scales by combining field work, laboratory techniques, remote sensing, and theory. This statement
outlines the research problems I would pursue at Harvard University, where I would develop cross-disciplinary collaborations
with distinguished faculty while seeking to answer outstanding questions on the past, present, and future of our Solar System.
Background. Understanding how topography forms, evolves, and decays is not only a fundamental geologic concern, but
also important for understanding large-scale processes with broader implications. Fluvial systems dictate chemical fluxes to
the oceans, weathering, atmospheric and oceanic circulation, natural resources, and biotic (including human) distributions
(Anderson and Anderson, 2010). Critically, we still lack a fundamental understanding of the primary driving forces that
shape fluvial systems at regional- to continental-scales. Some have suggested that geodynamic processes (Black et al., 2017;
Lipp and Roberts, 2020) or underlying bedrock geology (Gallen, 2018; Ott, 2020) play a key role, however others have shown
that climate forcing is a first-order control on landscapes (Seybold et al., 2018; Chen et al., 2019). Although it is likely that
these controlling processes occur simultaneously, one way to deconvolve their contributions is to find study sites that allow us
to isolate certain variables of interest. In this statement I propose to test how climate variability is recorded in the landscape
by employing a novel study focused on volcanic ocean islands.
Oceanic islands constitute one of the best natural laboratories to investigate the processes that govern fluvial systems.
This is due to the broadly monolithological nature of the substrate (dominated by basaltic lava flows), the known initial
topography (prominent shield volcano), and the largely well-constrained, homogeneous vertical history of post-constructional
islands (Jefferson et al., 2014). Volcanic islands also benefit from the ubiquitous presence of datable surfaces providing
ample opportunities for geochronological dating methods, as well as dramatic topographic signals such as waterfalls and
fluvial terraces, which may be analyzed remotely and in situ. Finally, the presence of distinct microclimates even within
the same island, due to oceanic climate forcing and orographic processes, makes these excellent sites to test how climate
affects the landscape. Despite their investigative potential, only a few of the larger islands are well studied (e.g., Hawaii,
Iceland; Craddock et al., 2012; Stucky de Quay et al., 2019) due to most archipelagos’ intrinsic remoteness and inaccessibility.
At present, I have obtained four grants to undertake ambitious expeditions across various archipelagos: Azores, Madeira,
and Cape Verde. The fieldwork portion of this project has received funding from the American Philosophical Society /
NASA Astrobiology Institute, the Royal Geographical Society, the Geological Society of London, and the British Society for
Geomorphology. This expedition would be undertaken either in the summer before the Reginald A. Daly Fellowship, or at
its incipience, such that all initial costs related to travel, mapping, sample collection, and drone surveying are already fully
covered. Hence, my position at Harvard would allow me to seamlessly carry out the subsequent research phases, pumppriming impactful contributions on arrival. These funds could also cover travel for assisting Harvard faculty or students with
complementary expertise, increasing the potential for innovative and collaborative projects.
Project Plan. The main objective of the proposed work is to quantify the coupling between landscape erosion and precipitation on basaltic surfaces; these relationships would also be used to inform past fluvial processes on other volcanic surfaces
such as Mars. First, rock samples would be collected from canyons and waterfalls to be analyzed using cosmogenic Helium-3
dating techniques to estimate modern erosion rates across Macaronesia (e.g., Figure 1a; see Stucky de Quay et al., 2019 for
detailed methodology). We will also use a volume reconstruction method to determine long-term erosion rates (e.g., Ferrier
et al., 2013). These two complementary techniques will allow us to constrain erosion rates in a spatio-temporal context for
various sites around the Atlantic Ocean. Importantly, these islands populate a wide spectrum of climate zones, from humid
to arid, and also contain strong intra-island rainfall gradients (Figures 1b,c). To explore climate forcing, we will use simple
relationships such as the stream power law (Howard & Kerby, 1983) to calculate basaltic erodability, Kb , for each field site;
this will be calculated using measured erosion rates, E, drainage area, A, channel slope, S, and a range of empirical drainage
exponents, m (see equation inset in Figure 1d). We will collect at least two samples for each channel system, two channels
per ‘side’ (see Figures b,c), two sides per island, and two islands per archipelago. When combined with existing climate data
(e.g., mean annual precipitation), this large population of novel erosion constraints would yield crucial quantitative insights
into how volcanic landscapes respond to climate (i.e., Kb = f (P )); Figure 1d) and how oceanic islands evolve over time.
Climate data can be accessed publicly, providing high-resolution information on precipitation rate, intensity, and variability.
For example, even for the least inhabited island (Fogo), the Instituto Nacional de Investigação e Desenvolvimento Agrário
supports 47 climate stations, with 16 stations covering a full decade (Olehowski et al., 2008).
The first 2-6 months would be spent on the laboratory analyses for cosmogenic Helium-3. Once noble gas mass
spectrometry-derived ages have been analyzed, likely within the first year, I would establish the feasibility of using the
Atlantic Ocean volcanic islands’ unique landscapes and geological records as a prime reference site to investigate geomorphic
processes—particularly the life cycle of volcanic surfaces and the role played by changing climate. This work would integrate
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Figure 1: (a) Example of sampling method to determine erosion rates (Stucky de Quay, Azores, 2012). (b) Hydrological
mapping of river systems (= blue lines) from islands in (b) the Azores and (c) Cape Verde, with example sites indicated. Note
differing inter- and intra-island climates; topography from NASA Shuttle Radar Topography Mission (SRTM). (d) Schematic
diagram of quantitative relationship to be determined on Earth from erodability (using stream power equation calibrated
with field erosion rates and remote sensing data) and mean annual precipitation (from available climate data). This function
may then be applied to other basaltic surfaces e.g., Mars, to derive fluvial timescales, given a known precipitation (e.g.,
Stucky de Quay et al., 2020). (e) Hydrological mapping on Mars; topography from High-Resolution Stereo Camera (HRSC).
a global network of researchers and local collaborators across several continents (Europe, Africa, North America), leading to
an impactful publication with me as lead author, and likely several adjacent studies as co-author. Subsequently, this project
would serve as a springboard for a longer-term (3+ years), international research partnership focused on landscape evolution, with potential supporting institutions, either internal or external, such as Harvard’s Center for the Environment or the
Atlantic International Research Center. Several key questions could be addressed in subsequent derivative projects, building
on both my expertise and new collaborations within and beyond Harvard. Key avenues may comprise drainage initiation in
new topographic surfaces, the role of volcanic damming and landsliding in stream disruption, associated coastal erosion and
hazards, and the use of volcanic islands as terrestrial analogs for other basaltic planetary surfaces (see following section).
The plethora of potential data would allow for fruitful collaborations with Harvard faculty members across various disciplines
beyond just geomorphology, geochronology, and remote sensing: namely climate, geochemistry, geophysics, oceanography,
and planetary science. As such, in addition to augmenting the research scope at Harvard, this project would be founded on
key collaborations with Professors Andy Knoll and Jerry Mitrovica, whose extensive knowledge in Earth evolution and the
interconnectivity between the surface, sub-surface, and environment would be fundamental.
Planetary Applications. The ubiquity of erosional and sedimentary landforms on Mars suggest it was subject to a very
different climate in its past, with a rich history of aqueous surface processes similar to those seen on Earth today (Carr,
1987). More recently, I have been increasingly fascinated by the ‘early Mars climate paradox’, wherein climate scientists
and geomorphologists work to converge on the amount, nature, and timing of surface water up to 3.7 billion years ago
(Wordsworth et al., 2018). Importantly, the relationships established in the previous project would allow us to then reverse
the question: can we use the morphology of extraterrestrial channels to infer erosion timescales and the climate regime that
shaped them? Because the martian surface is also basaltic, the quantitative relationships between erodability and precipitation derived above could be directly applied to solve for current unknowns in Mars’ climate. We would use topographic
data and imagery to quantify erosional volumes and geometries of martian valley networks and paleolakes (Figure 1e). When
combined with existing precipitation estimates for Mars from Stucky de Quay et al. (2020), these results would provide
important quantitative constraints allowing us to assess the spatial variability of the intensity, recurrence, and timing of the
planet-wide climate. By building on crucial collaborations with Professor Robin Wordsworth, a renowned expert in planetary
climate and habitability, this work would be published as a another first-author article in the second year of the fellowship.
Ultimately, an improved fundamental understanding of planetary climate evolution will be crucial in the search for habitable
environments and will strongly influence the relative success of future missions such as NASA’s Mars 2020 (Perseverance)
rover. The Jezero crater paleolake system will be our next landing site in 2021; thus, the work outlined here would provide
key predictions that may be directly tested through in situ geochemical, geologic, and geochronologic techniques, as well as
eventual sample return. As my future research interests continue to expand through these new projects and experiences, I
also eagerly anticipate that additional collaborative opportunities will emerge—given the world-class strength, breadth, and
distinction of the faculty and students at Harvard—even long after the Reginald A. Daly fellowship comes to an end.
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