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1 Abstract:

Benthic biogeochemical models are critical for understanding and predicting seafloor processes that regulate ocean
chemistry, carbon sequestration, benthic habitat conditions, and climate feedbacks. However, current sediment

models have limited predictive capabilities with widely variable complexity, structure, and underlying assumptions,

2
3
4
5 highlighting a lack of consensus on essential process representations. To address this issue, this paper introduces the
6 Sediment Biogeochemistry Model Intercomparison Project (SedBGC_MIP), a community-driven initiative aimed at
7  systematically comparing existing benthic models against available observational constraints to refine key
8  parameterizations and assess structural uncertainties. We review the state of sediment biogeochemical modeling,
9 highlighting discrepancies in the representation of carbon cycling, burial, and redox remineralization processes
10 across different model complexities. Through case studies, we demonstrate how varying model structures and
11 ecosystem dynamics create uncertainty in global predicted biogeochemical feedbacks. We outline the objectives of
12 SedBGC_MIP, including the need for standardized benchmarking, observational datasets, and cross-disciplinary
13 collaboration to improve model skill and integration into Earth System Models. Ultimately, SedBGC_MIP aims to
14 advance our ability to simulate benthic processes with greater accuracy, enhancing projections of ocean
15 biogeochemistry under climate change scenarios with new capacity to address emerging living marine resource and

16 geoengineering applications.
17
18 1. INTRODUCTION

19 Benthic biogeochemical models are essential for holistic understanding of the Earth system and predicting the
20 emergent behavior through their representation of biogeochemical processes within the seafloor and at the water-
21 sediment interface. These processes play a critical role in determining the chemical state and reservoirs of the ocean
22  (e.g, pH/alkalinity, carbon and nutrient inventories) that regulate the ocean’s feedback on climate. Benthic models
23 integrate our state-of-the-art knowledge of these complex systems to investigate relationships between their state and
24 functioning, upscale sparse observations in time and space, and study their response to and interactions with
25 environmental change. Critically, they inform further observational and empirical research needs that recursively drive
26 model development and improvement. While many benthic biogeochemical models have been developed over the last
27 two decades (Burdige and Gieskes, 1983; Rabouille and Gaillard, 1991; Boudreau, 1996; Van Cappellen and Wang,
28 1996; Soetaert et al., 1996; Archer et al., 2002; Munhoven, 2007; Couture et al., 2010; Paraska et al., 2014; Yakushev
29 etal.,2017; Hiilse et al., 2018; Lessin et al., 2018; Munhoven, 2021; Sulpis et al. 2022), they differ in their complexity,
30 structure and context for which they were developed. Furthermore, there is little consensus on how these models must
31 be structured and what processes need to be included to simulate carbon dynamics and sequestration in the benthos at
32 global scales. Most formulations in current models rely heavily on empirical relationships resulting in low prognostic

33  capacity.
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34  The limitations inherent in current sediment biogeochemical models pose challenges to advancing our understanding
35  of processes responsible for benthic carbon cycling. Given the tight coupling between the different biogeochemical
36 cycles in the sediment, a complete understanding of the dynamics and fate of carbon requires consideration of nitrogen,
37 phosphorus, oxygen, silica, metals (Fe and Mn), sulfur, and the ecological interactions mediated by benthic biota
38 (Burdige 2012). In addition, climate change-induced variation of environmental forcings necessitates flexibility
39 currently not found in simulating benthic biogeochemical cycling, necessitating new data and models to explain and
40 predict these changes (Bianchi et al., 2021). Furthermore, significant regional heterogeneity in carbon remineralization
41 and burial - from the coast to the continental shelf to the deep ocean - is critical for balancing the sediment global
42 carbon budget (Regnier et al., 2022). Thus, progress in understanding the ultimate fate of seafloor carbon requires

43 overcoming some of these representational limitations in current state-of-the-art benthic biogeochemical models.

44 Consider the problem posed by simulating seafloor processes globally within an Earth Systems model (ESM). Coupled
45 carbon-climate ESMs were originally designed to simulate global temperature, including carbon at large scales.
46 Initially, simplistic representation of benthic fluxes was sufficient as computational limitations outweighed the need
47 to refine the models mechanistically. As computing power and resolution has increased, ESMs and regional models
48 are now being used for a wider variety of applications (e.g., coastal applications, carbon sequestration scenarios)
49  (Mathis et al., 2022). Some biogeochemical formulations are also being applied regionally in highly variable coastal
50 systems (Deutsch et al., 2021; Drenkard et al., 2024; Ross et al., 2023), where the global simplifications have not been
51 evaluated nor designed. However, there is an overall lack of agreement regarding the level of complexity necessary
52 to address these regional questions, and whether we are able to address them with the existing tools given the low

53 amount of observations and prognostic capacity to constrain the processes currently oversimplified in the models.

54 As biogeochemical processes are tied to specific space and time scales, representing the space-time continuum within
55 an ESM  presents compelling challenges and opportunities for sediment modelers and
56 observationalists/experimentalists. Customarily, biogeochemical processes within sediments are often treated in only
57 the vertical dimension as most processes are assumed to be controlled by vertical diffusion in porous, non-permeable
58 sediments, and lateral advection is often ignored (Froelich et al., 1979). Thus, sediment biogeochemical models are
59 generally either vertically resolved when considered in local or regional process studies (Boudreau, 1996; Rabouille
60 and Gaillard, 1991; Soetaert et al., 1996; Brady et al. 2013) or vertically integrated, particularly when embedded in
61 ESMs (Soetaert et al., 2000).

62 Furthermore, many sediment biogeochemical models are developed with steady-state assumptions to simplify the
63 complex processes involved in sediment diagenesis and allow for a more straightforward and tractable mathematical
64 representation of the system (Berner, 1980; DiToro, 2001). Steady state reaction transport models have been used in
65 various ocean settings including coastal, shelf and deep seas to untangle complex biogeochemical cycles in sediments
66 (Bohlen et al., 2011; Rakshit et al., 2025; Soetaert et al., 1996). This steady state assumption, although challenged in
67 temperate and polar regions by many observations of particle dynamics in the water column (e.g., Lochte and Turley,

68 1988), might be consistent with the timescale of carbon cycling in the seafloor in the deep ocean or on the continental
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69 shelf (<~ 200m), and thus important for understanding the long-term carbon cycle and the role of the ocean in
70  regulating atmospheric COz levels (Kélling et al., 2019). However, in the coastal ocean, these steady-state assumptions
71 might not be valid and simulating benthic biogeochemical dynamics under the influence of coastal constraints poses
72 a different challenge to sediment modeling. For example, seasonality in organic matter (OM) flux, temperature and/or
73 bottom water oxygen have been shown to be important to water column chemistry (Burdige, 2006; Fennel and Testa,
74 2019; Glud, 2008; Morse and Eldridge, 2007; Siedlecki et al., 2015). In addition, event-driven processes such as flash
75 floods, storms or resuspension events can drive increased oxygen depletion (Cathalot et al., 2010; Moriarty et al.,
76 2021; Tiano et al., 2024) or alter the distribution of porewater profiles of dissolved inorganic carbon (DIC) and
77  sulphate (SOq) (Ferreira et al., 2024).

78 Beyond these fundamental research considerations, the integration of more complex benthic models into ESMs is
79 currently limited due to several factors including: 1) computational efficiency, which limits their spatial and
80 computational resolution, and ability to incorporate complex biogeochemical and ecosystem components; 2) low
81 vertical and spatial resolution in regions where benthic-pelagic coupling is prominent, e.g. coastal ocean and bottom
82 water layer of the deep sea; and 3) reliance on steady state assumptions while non-steady state models are needed to
83 disentangle dynamic processes (e.g., climate change, extreme events) especially along the coast and river-dominated
84 ocean margins (Rhone-RioMAR programme, Toussaint et al., 2014). The limitation of current ESMs to represent
85 coastal processes, including the flow and diagenetic alteration of carbon along the land-ocean-benthos continuum and
86 exchange processes with the open ocean, has driven different initiatives (Ward et al., 2020) within the oceanographic
87 community to better resolve biogeochemical coastal sediment processes in the context of large-scale ESM simulations.
88 Bridging the spatial gap and integrating appropriate temporal dynamics while maintaining the necessary processes
89 that represent benthic fluxes and interactions in contemporary ESMs is an ongoing area of research, and will require
90 a cross-disciplinary approach involving modeling groups and empirical scientists with a common shared objective
91 toward understanding and predicting the benthic marine environment (Lessin et al., 2018). Currently, there is very
92 little consensus on how benthic processes should be parameterized, with clear examples reviewed recently identifying

93 how CMIP models differ in this regard for carbon and alkalinity cycling (Planchat et al., 2023).

94 The Benthic Ecosystem and Carbon Synthesis working group (BECS), funded by the U.S. Ocean Carbon and
95 Biogeochemistry Program (US-OCB), organized a series of discussions centered around understanding the carbon
96 cycle and ecosystems within the land-to-ocean aquatic continuum with the goal of improving observation and
97 simulation of carbon inventories and cycling in the benthos, and their representation in ocean and climate models. We
98 developed an action plan to fast-track inclusion of this vital environment into ESMs and regional models. We first
99 summarized progress made by the biogeochemical modeling community to simulate sediment biogeochemical
100 dynamics with increasing levels of spatial and process resolution. The end result was a hierarchy of models built for
101 different purposes and applications. Next, we discussed the importance of observations and identified a suite of
102 variables essential for moving the community toward consensus. To advance this field further, we propose a formal
103 sediment biogeochemistry model intercomparison project (SedBGC MIP), focused on achieving a better

104 understanding of the processes responsible for carbon sequestration, burial, and residence time. This includes
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105  assessment of the sensitivity of benthic carbon dynamics to model complexity, refinement of structural uncertainty,
106 guidance on what mechanisms are necessary to represent for various applications, and recommendations for how to
107 simulate those processes. Finally, we conclude with our vision of how these new tools could improve our

108 understanding and prognostic capacity around the benthos and global carbon cycles.
109 2. CURRENT MODELING APPROACHES

110 ESMs designed to simulate global climate and the associated carbon cycling most commonly implement benthic
111 processes under steady state assumptions to close global carbon budgets. To describe the complexity of benthic
112 models, we split the categorization into biogeochemical and ecosystem complexity depicted in Figure 1. In the most
113 simple, low geochemical - low ecosystem (Low-Low) complexity category, most organic and inorganic material that
114 settles to the seafloor is instantly respired or induces an empirically derived flux that returns components to the
115 overlying water column, with little or no ecosystem representation (Figure 1a,d). Some examples of models that
116 employ this strategy are described in detail in Table 1 and include the benthic components of the Carbon, Ocean
117 Biogeochemistry And Lower Trophics (COBALT) model (Stock et al., 2020) and the UVic Model of Ocean
118 Biogeochemistry and Isotopes (MOBI) model (Somes et al., 2021). While these models were designed for and perform
119  well in representing benthic-pelagic exchange on long timescales (e.g., Dunne et al., 2007, 2012), their utility for
120 investigating process-level questions regarding the benthos, particularly at seasonal to interannual timescales, is
121 limited. These models also do not prognostically track benthic material such as carbon and other metabolic products
122 within the sediment, thus limiting their ability to represent feedback processes, hysteresis, or long-term storage of
123 carbon. Specifically, they lack any interaction with bottom water currents or benthic ecosystem dynamics aside from
124 an occasional consideration of bioturbation with an empirically derived diffusive flux associated with this process,

125 making them unable to respond to variability of the internal benthic processes or bottom boundary conditions.

126 There are a number of models with Aigh geochemical but low ecosystem (High-Low) complexity (Figure 1a,f), which
127 include vertically resolved sediment biogeochemical processes (FESDIA; Nmor et al., 2022; RADI; Sulpis et al.,
128 2022). Some even include representation of diffusive boundary layer dynamics and material exchange across the
129 sediment-water interface, carbonate chemistry (Sulpis et al., 2022) and coupling with sediment transport capturing
130 dynamic processes such as resuspension and erosion (HydroBioSed; Moriarty et al., 2017). However, many of these
131 models have a limited representation of the benthic ecosystem, specifically the biota that inhabits this region, and rely
132 heavily on parameterizations to describe ecological interaction on reactive transport processes in the sediment (e.g.,
133  biological mixing). Some other models could be characterized as medium biogeochemical, low ecosystem, where
134 there are only two vertical layers (i.e., aerobic, anaerobic), but multiple POC reactivity pools, a wide range of solutes
135 and state variables (N, C, P, Si, sulfur), and dynamically-simulated aerobic layer depths (Di Toro 2001; applied within
136 Khangaonkar et al. 2018; Zhao et al. 2012; Wang et al. 2020). In our review, we found that a wide variety of models
137 exist in the High-Low category (Table 1) that can be employed to investigate the cycling of various types of organic
138 carbon (e.g., POC and DOC), redox processes within the sediment, as well as resuspension/erosion events in varying

139 degrees. While these models are more computationally expensive, they allow for the analysis of complex feedbacks
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140 and dynamics in the sediment but are not commonly applied in global ESMs. However, advances in the field of benthic
141 biogeochemical modeling have resulted in an increased utilization of these types of models in regional contexts. For
142 example, HydroBioSed has been used to explore the role of resuspension of sediments in the persistence of hypoxia
143 in the Gulf of Mexico (Moriarty et al., 2018). Despite these advances, these models are still limited in their ability to
144 investigate benthic ecosystem dynamics and their interactions with sediment biogeochemistry, especially during
145 abrupt events on short and intermediate timescale (De Borger et al., 2021), as well as the impact of climate change on

146  benthic macrofauna mediation of elemental cycles (Bianchi et al., 2021).

147 A more complex suite of models (medium geochemical, high ecosystem; Medium-High, Figure 1c,e) enables analysis
148 of a range of biogeochemical feedbacks within the benthic ecosystem. In addition to the description of the
149 geochemistry of solid and solute species in the sediment as found in medium complexity models, these high
150 complexity sediment models include biota functional groups (e.g., aerobic and anaerobic bacteria, meiofauna and
151 macrozoobenthos) interacting with and affecting biogeochemistry (e.g., ERSEM, Butenschon et al., 2016). Although
152 increased complexity is inevitably associated with increased uncertainty and associated observational requirements,
153 these models allow the exploration of questions regarding the role of conservation and sustainability measures
154 alongside those of long-term carbon storage and sequestration. Such questions are increasingly addressed to the

155 modeling community to inform impact assessments and marine spatial planning.
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157 Figure 1: Cartoon illustrating the conceptual framework for our model complexity categories implemented in Table 1. The
158 top row indicates the three complexity levels we consider for the biogeochemistry: (a) Low geochemical, (b) Medium
159 geochemical, (c) High geochemical. The benthic ecosystem: (d) Low ecosystem, (¢) Medium ecosystem, (f) High ecosystem.
160 In all cases the organic material delivered to the benthos from the overlying water column is depicted as a light blue arrow.
161 In the most complex biogeochemical case, this material has specific lability as indicated by the different color composition
162  of the arrow. Feedbacks between the benthos and the overlying water column are depicted as dark blue arrows. The degree
163 to which within-sediment resolution is considered is highlighted with color (uniform, coarse layers, or fine gradations).
164 Specific examples of existing models in these categories can be found in Table 1. Illustration by Anne Gutherman

165  (NOAA/GFDL).

166 3. CASE STUDIES HIGHLIGHTING THE UNCERTAINTIES TO FOCUS ON IN A MIP

167 The parameterization of benthic models, including the depiction of ecosystem components, can impact the
168  biogeochemistry of the overlying water column and carbon residence time in the benthos. In the following sections,
169 we use several case studies to highlight the importance of benthic system representation in marine ecosystem models
170 and their implication on the dynamics of the overlying water column and carbon cycling. These examples highlight

171 key process level uncertainties and their potential impacts on the global carbon cycle. One urgent need for the
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172 SedBGC_MIP is that the systematic evaluation of benthic models may improve the skill of the growing suite of coastal
173 regional ocean-biogeochemical models used to investigate climate impacts on fisheries, as shown by the first case
174 study. The second case study compares a detailed benthic model with a low complexity model to highlight current
175 knowledge gaps in benthic processes related to carbon turnover in surface sediments. While both models focus on the
176 change in benthic POC mineralization and DIC production in bottom waters, they result in very different stocks and
177 pathways due to differences in process resolution and formulations, highlighting areas where our understanding needs
178  improvement. Finally, understanding burial efficiencies and carbon turnover times in surface sediments of the global
179  ocean is important for carbon uptake in the surface ocean with implications for marine Carbon Dioxide Removal
180  (mCDR) applications in particular. All of these case studies help underscore the need for a SedBGC_MIP to improve

181  models for benthic carbon cycling.
182 3a. Uncertainty in benthic-pelagic feedbacks lead to impacts on water column nutrients in the Eastern Bering Sea

183 Benthic processes strongly impact the pelagic ecosystem in shallow coastal regions. One such ecosystem is the Eastern
184 Bering Sea, a wide continental shelf environment with high productivity that supports fisheries, sea birds, and marine
185 mammals. A recent comparison of biogeochemical models in the Eastern Bering Sea found that the structural
186 resolution of benthic processes was the primary control on the amount of total nitrogen retained on the shelf and the
187 amount of ammonium retained below the seasonally stratified mixed layer (Kearney et al., in review; Fig. 2). The
188 three biogeochemical models explored in this study included the low-medium complexity BEST NPZ (Gibson and
189 Spitz, 2011; Kearney et al., 2020), one with an empirical approach (low-low complexity, COBALT; Stock et al., 2014,
190 2020), and one without a benthic model (Banas et al., 2016). While the bottom boundary was a net nitrogen sink across
191 the shelf in all three models, the strength of that net sink differed by a factor of 2.75 across the three (with net sinks
192  0f 0.33, 0.12, and 0.17 mmol N m? d"! for the Banas, BEST NPZ, and COBALT models, respectively) and the
193 differing repartitioning of material at the sea floor boundary (Fig. 2) led to ammonium retention that spanned an order
194 of magnitude across the models (0.132, 2.267, and 0.312 Tg N as ammonium, respectively, across the shelf region).
195 The resulting difference in available macronutrient concentration led to high inter-model variability in the magnitude
196 and timing of phytoplankton blooms, particularly with respect to late summer to early fall ammonium-driven
197 production. This had cascading impacts on the rest of the food web with respect to phytoplankton and zooplankton
198 biomass, community composition, and relative distribution across the distinct stratification regimes of the Bering Sea
199 shelf (Kearney et al., in review). The biogeochemical framework used in Kearney et al. (in review) was designed in
200  part to simulate climate impacts on the ecosystem of commercial and subsistence fisheries that have considerable
201 economic and cultural importance in this region. These often-overlooked benthic processes can impact metrics of
202 interest to research on living marine resources. Kearney et al. (in review) also demonstrated the poor ability of any of
203 those simple benthic models to fully capture the observed nutrient environment of the shelf. The model with an explicit
204 but simple and poorly-constrained benthic module led to an ammonium-rich, over productive ecosystem while the

205 other options failed to produce or retain the observed amount of ammonium.
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207 Figure 2: Schematic of bottom boundary processes in the Kearney et al. (in review) biogeochemical model intercomparison.
208 The models included one with no benthic representation (Banas, left), one with a two-box benthic model (low-medium
209 complexity, BEST _NPZ, center), and one with an empirical approach (low-low complexity, COBALT, right). In the lower
210 bar graph, solid bars indicate the mean annual flux of material across the boundary (positive from benthic to pelagic) for
211 each process that moves material in or out of the water column; the rightmost white bar in each set depicts the sum of the
212 individual processes for the total net nitrogen flux. Gold-outlined bars in the BEST NPZ plot indicate the fluxes in a
213 minimal benthos variant simulation, where the 79% of sinking-to-benthic-detritus and pelagic-grazing-by-infauna fluxes
214 are removed; the difference between these bars and the default blue bars indicate the influence of the benthic model on the

215 net benthic-pelagic exchange. Figure reproduced from Kearney et al. (in review).
216 3b. The complexity of carbon fluxes in the sediments from the English Channel (Western Channel Observatory)

217 The choice of benthic model complexity and process resolution can also considerably impact the stocks and fluxes
218 within the benthic system itself, and the type of information that can be derived, which is particularly relevant for
219 decision-making related to e.g. demersal fisheries, offshore structure installations or designation of marine protected
220 areas. Here, we illustrate these differences by applying two benthic models of contrasting complexity within identical
221 water-column settings (Lessin, 2025). One of these models is the standard ERSEM benthic model (Medium-High),
222 briefly described in Table 1 (Butenschdn et al., 2016). The second model applied is a considerably simpler, so-called
223 ‘benthic returns’ model (Low-Low) which only includes two types of particulate and one type of dissolved organic
224 matter, subject to first-order remineralization. This latter model is comparable to those typically used within ESMs,

225 while the former was developed specifically for shelf sea applications.
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226  For this experiment, a 1D (water-column) model representing Station L4 (50°15.00°N, 4°13.02°W) of the Western
227 Channel Observatory was implemented. Model forcing and the pelagic system, as provided by ERSEM pelagic
228 modules for biogeochemistry and the General Ocean Turbulence Model (GOTM) for physics, were kept identical;
229 only the benthic models differed. Both simulations were run for a 10-year period and, carbon stocks and fluxes

230  averaged over the last year of simulations were compared (Figure 3).

231 The Medium-High category benthic model (left) revealed the prominent role of benthic biota in organic matter
232 transformation, with meiofauna, despite its relatively low biomass, acting both as the major consumer of semi-labile
233  POC and the main contributor to carbon remineralization. It also highlighted a close coupling between semi-labile
234 POC and suspension feeders, where the latter effectively consume freshly deposited organic matter and, via excretion,
235 moderate biological activity in the deeper sediments. Additionally, respiration and remineralization fluxes contributed
236 to the pore water DIC pool, which is exchanged with its pelagic counterpart via diffusion. None of these intricate
237 dynamics could be resolved in the Low-Low ‘benthic returns’ model (right), where semi-labile POC is converted
238 directly into pelagic DIC, as the main purpose of this model formulation is to return inorganic nutrients back to the
239  water column. Therefore, this simple approach has very limited utility in advancing understanding of benthic system
240 functioning and controls on carbon transformations within sediments and across the benthic-pelagic boundary, and is
241 insufficient to characterize shifts in fluxes due to impacts of climate change or human activities, such as trawling, on

242 the benthic communities.

243 While a more complex model provides a more detailed picture of the benthic dynamics, it brings about considerable
244 additional sources of uncertainty as it requires additional knowledge for the parameterizations and rates of numerous
245 processes not represented in the simpler model that can have significant implications for the outcomes, such as diet
246 compositions, vertical distributions of living organisms and affinity of bacteria to different types of POC (Lessin et
247  al.,2019). This uncertainty is reflected in the different modeled standing stocks of benthic POC in the two simulations,
248  as first-order POC remineralization constants of the simple model cannot directly translate to the multiple biota-
249  mediated remineralization pathways represented in the more complex model. These differences in process
250 representation and resultant uncertainties highlight the need for a structured approach to model comparison that would
251 identify the level of complexity appropriate for different applications, quantify uncertainties across model structures,
252 and establish benchmarks for evaluating when increasing model complexity delivers improvements in the quality of

253  outputs.

254

10
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Figure 3. Comparison of annual average carbon fluxes in two variants of ERSEM benthic model (Lessin 2025): standard
(left) and simplified (right) applied to Station L4 of the Western Channel Observatory. Gray arrow thickness: relative
magnitude of carbon flux. Thin blue arrows: fluxes that were not realized. Boxes: pelagic (water column) variables, circles:
benthic (seafloor) variables, indicating average carbon stock (mg C/m?). rPOM refers to the refractory, while sSPOM to the
semi-labile POM pools. Note that in the standard model, respiration contributes DIC to the benthic pore water pool, while

in the simplified model, it contributes directly to the pelagic pool.

3c. A case study of the role of benthic fluxes on net primary production (NPP) and surface CO: fluxes

To understand the potential influence of sediment on global ocean biogeochemistry, we used the COBALT model
(Low-Low) to perform a series of model experiments (Rakshit & Luo, 2025). The standard COBALT model (Stock et
al., 2020) (control run) has a reflective sediment boundary, where a fraction of the deposited organic matter (OM) is
instantly remineralized into equivalent DIC and nutrients and returned to the bottom water, while consuming the
equivalent oxygen from the bottom water. The remainder of the OM is permanently buried following Dunne et al.
(2007). The standard COBALT model is also equipped with empirical relationships to represent benthic denitrification
(Middelburg et al., 1996) and benthic dissolved iron release to the bottom water (Dale et al., 2015).

Here, we explore two model experiments, one where the ocean bottom acts as complete burial sink, and the other
where it acts as a mirror. In the first, “allburial” case, all the OM reaching the seafloor is completely buried, providing
no benthic feedback to the bottom water. In the second, “noburial” case, OM reaching the seafloor is completely
reflected, i.e. regenerated DIC, nutrients, and dissolved iron are returned to the bottom water, and the equivalent
oxygen is consumed. In both cases, benthic denitrification and dissolved iron fluxes are excluded. We compared the

experimental simulations with the “control” which was the base run detailed in (Stock et al. 2020).

We ran the GFDL MOM®6-SIS2-COBALTV2 model to perform the above experiments and control simulations for 60
years starting in 1948 with CORE II interannual forcing (Large and Yeager, 2009) at a 4 degree nominal resolution.
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278  The mean of the last 20 years of simulation is reported in the following results. To understand the influence of benthic
279  feedback on the ocean biogeochemistry, we specifically looked at three metrics, namely depth integrated dissolved

280  inorganic nitrogen (int DIN), net primary production (NPP) and surface COz flux.

281 The integrated DIN in the allburial case was generally lower than the control, while the noburial case was higher.
282 These effects were most prominent in regions with shallower depths, such as coastal and shelf seas, as greater OM
283 concentrations reach the seafloor compared to abyssal depths. These results are expected because in the allburial case,
284 the nutrients contained in the OM leave the model system (via burial), while in the noburial case, all the nutrients in
285 the deposited OM return to the water column. Consequently, the NPP in the allburial case is lower when compared to
286 the control run, while the noburial case had higher NPP. These differences are likely due to the nutrient availability
287 described by the DIN metric. Interestingly, the NPP was lower than the control in the Southern Ocean for both the
288 experiments. The Southern Ocean is a high nutrient low chlorophyll (HNLC) region where primary production is iron
289 limited. Unlike the control case, the model experiments did not include empirical benthic dissolved iron efflux (Dale
290 et al., 2015). This indicates that benthic dissolved iron release is a major source of dissolved iron in the ocean and
291 plays a crucial role in controlling the NPP. This effect is more prominent in the Southern Ocean where the other

292  sources of iron (e.g. dust deposition, river runoff) are minimal.

293 Interestingly, the oceanic sink of CO. was larger in the allburial case and lower in the noburial case compared to the
294 control. These results show that even though the allburial case had lower NPP, it led to greater uptake of atmospheric
295 COa. In other words, burying OM in sediment acts as a significant mechanism of C-sequestration that has the potential
296 to increase new CO2 net uptake by the surface ocean, but at the expense of NPP, which is reduced because of lower
297 nutrient availability. However, we do not yet understand how efficient burial should be, part of the central focus of

298  the questions raised here.

299
300
301
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303 Figure 4: Model experiments with COBALT in an ESM (Rakshit & Luo, 2025). The “control” indicates the standard
304 model run. The “allburial” and “noburial” cases are two experiments designed to better understand the biogeochemical
305 influence of organic matter burial on several water column metrics: dissolved inorganic nitrogen (int DIN), net primary

306 production (NPP) and surface CO; flux. The model experiments are shown as anomalies compared to the control run.
307 4. MODEL INTERCOMPARISON PROPOSAL - SedBGC_MIP

308 As discussed above, there is a need for further development of the benthic processes within biogeochemical models,
309 to improve our understanding of ecological and biogeochemical processes in the ocean. A first step to facilitate this
310  development is a systematic characterization and comparison of current benthic models with particular attention to
311 their ability to capture relevant biogeochemical/ecological processes specific to answer societally relevant research
312 questions. Our proposed approach entails concerted efforts to curate, benchmark, and assess model performance in a
313 formal and holistic manner in the form of model benchmark analysis. This proposed intercomparison effort follows
314 the structure of a community-driven model intercomparison project and associated activities. This initiative - similar
315 to other attempts like the coupled model intercomparison project (CMIP; Eyring et al., 2016), its ocean carbon cycle
316 equivalent (OCMIP; Doney et al., 2004), the fish and marine ecosystem model intercomparison project (Fish-MIP;
317 Tittensor et al., 2018), the iron model intercomparison project (FeMIP; Tagliabue et al., 2016), the carbon dioxide
318  removal model intercomparison project (CDRMIP; Keller et al., 2018), and other groups within the Inter-sectoral
319 Impact Model Intercomparison Project (ISIMIP; (Frieler et al., 2017) can benefit the benthic modeling community by
320  increasing the understanding of how current models compare both in their fidelity to observations and structures,

321  parameters, and spatiotemporal dynamics.

322 The goal of a Sediment Biogeochemical Model Intercomparison Project (SedBGC_MIP) is to identify and improve
323 the key model parameterizations and formulations to upscale and extrapolate site-specific models to the resolution of

324 current ESMs. Such model intercomparison facilitates the community recommendation for targeted observational
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325 campaigns and process studies to improve understanding of various benthic processes across the global seafloor and
326  provides a path for achieving consensus and reducing model structural uncertainty. Quantifying performance of
327 benthic models would promote confidence in their predictions of the future of marine ecosystem dynamics and the

328 ocean carbon budget and identify areas for further improvement in our understanding of benthic processes.

329 This model intercomparison (MIP) would be developed based on our current suite of models with a need for

330 refinement. It would utilize and identify observational data sets for evaluation and include a gap analysis to inform

331 future observational efforts. A sediment model intercomparison would focus on the following questions:

332 e How much structural variability and uncertainty is present across the benthic models? Is model skill related
333 to structure?

334 e  Are there systematic model biases in sediment total organic carbon (TOC) stock and other related processes
335 (e.g., surface and burial flux, mineralization/oxygen consumption rates) and where do they originate? Do
336 these differ in coastal and deep seafloor environments?

337 o  What are the consequences of model biases on sediment organic carbon storage and cycling? Are the effects
338 of these biases systematic across models and how can they be reduced?

339  Model assessment can constrain uncertainty in model ensembles, provide support for model projections, and spur
340  model development. Model intercomparisons create ensembles of simulations used to quantify model variability and
341 uncertainty and can be used to perform sensitivity analyses in a systematic way. The heterogeneity of structure and
342 parameterization across biogeochemical and ecological models of the benthos suggests a high potential for large
343 structural uncertainty or potentially a lack of a unified mechanistic understanding of their dynamics. Many of these
344  models were likely generated for other reasons - not focused on carbon dynamics in particular. This heterogeneity
345 could be a strength, such that an ensemble of diverse models would span a greater number of relevant processes and
346 better represent future states than any one model, something an intercomparison could inform. Finally, the results of
347 the initial MIP will most certainly help inform observational needs moving forward, as such a close collaboration with

348 observational communities is essential throughout this iterative process.
349  4.1.1. THE IMPORTANCE OF OBSERVATIONS

350 Observational and experimental datasets are required to improve our understanding of benthic processes, implement
351 model assessment, and enhance performance of benthic sediment models. To be successful, reference observations to
352 ground-truth simulated output will need to be established via collation of existing as well as new data sets. Some
353  syntheses of benthic observations exist for some relevant variables including sediment oxygen demand (Jorgensen et
354  al. 2022), sulfate and sulfate reduction (Jorgensen et al. 2024), but new observational products will be required. In
355 the proposed community-driven model intercomparison, the focal variables capture or relate to key biogeochemical
356 processes thought to be important for benthic carbon dynamics, and will be agreed upon by MIP participants, but a
357 preliminary list was identified here. The modeling community present at the BECS workshop identified a set of

358 common key observations that are used to force sediment models, are key output variables from the models for
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359 evaluation, and/or that facilitate the comparison of important sediment processes (Table 2). These datasets are
360  especially useful because often models can be calibrated to mimic the observational dataset for empirical reasons
361 without mechanistic justification or be calibrated to fit specific locations or quantities that might not extrapolate to
362 other locations. Further, a select list of model diagnostics was chosen by the BECS workshop attendees as a starting
363 point: benthic Oz flux, nutrient fluxes, organic carbon content of the surface sediments, CaCOs content of the surface
364 sediments, total carbon remineralization rate, and benthic primary production rate. None of the listed variables are
365 currently available from the CMIP6 diagnostic list, but some of them could be provided as they are provided at other
366 ocean depths. Some variables were recently formally requested as part of the public call for diagnostic variables from
367 CMIP7 (e.g. nutrient fluxed -N, P, Fe, Si; organic carbon content of the bottom waters, organic detritus concentration
368 and sinking flux of POC, CaCO3 in the bottom waters). Additional variables, which will be requested in the future as
369 part of this MIP, will be entirely new variables to CMIP. This initial set was based on the feasibility of collection or
370 availability of the observations as well as the utility of the results for multiple comparisons of model diagnostics. For
371 the models with more complex ecosystem components, benthic biomass and community structure alongside species

372 and community-specific metabolic rates are also critical diagnostics.

373 For the SedBGC_MIP objectives to be properly realized, observations are critical. There was a clear need identified
374 at the BECS workshop for a suite of sustained long-term observations/stations, mesocosm experiments, and process
375 studies (Schultz et al. in review) that would enable a more mechanistic understanding for the High-High complexity
376 model structures. Indeed, a minimum of 3-5 years of sustained observations (at one station but ideally at a set of
377 contrasting locations) would reveal patterns in seasonal variability and enable a suite of models to be parameterized
378 and assessed. However, few benthic locations are sites of long-term observing. Examples include the Ocean
379 Observatories Initiative (OOI; Tryon et al., 2001), and NOAA coastal cruises (USA, Frenzel et al., in prep) coastal
380 cruise observing sites as well as Mesurho station (France; Rhone-RioMAR programme, Toussaint et al., 2014), but
381 these sampling programs are focused on the coastal ocean. Unfortunately, only a few observing stations (e.g., Station
382 M (Smith et al., 2018) are equipped with similar monitoring breadth on the deep seafloor and historically have been
383 used to suggest the system is largely steady without much seasonal variation (Smith et al. 1996). This discrepancy in
384 benthic data density between coastal locations and open ocean deep seafloor sites should stimulate further

385 collaborative efforts to cover this data gap in the future.
386 4.1.2. VISION FOR CONSISTENT BENCHMARKS AND PROTOCOLS

387  The next step for a SedBGC_MIP would be to create a protocol for intercomparison experiments. In existing MIP
388  protocols, individual models are forced by the same environmental drivers at a specified spatiotemporal scale and then
389 one or several outputs of the individual models are compared, again at the same spatiotemporal scale. This requires
390 identifying common forcing variables and common outputs across models. Standardization of model forcing in a
391 centralized manner will ensure that all participating models operate from common baseline conditions. Forcing
392 variables provided by the same source such that they are internally consistent (e.g., particulate organic matter

393 deposition/seafloor flux, primary production, phytoplankton biomass, chlorophyll from the same pelagic BGC model),
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394  but the specific forcing each model structure requires will differ. Similarly, model output variables will differ
395 depending on the model structure but can be processed into equivalent diagnostic metrics. These model outputs are
396 often concentrations (e.g., total particulate organic carbon, total benthic consumer biomass) and fluxes or rates (e.g.,
397 oxygen flux, remineralization rate). Thus, to start a MIP, there will be a trial and error phase as a set of forcings is
398 proposed and iterated upon as different modeling centers provide feedback on their model forcing requirements. As
399 part of that process, participating models must be thoroughly reviewed and synthesized to determine potential inputs
400 and outputs and then select scenarios. In some cases, at the global scale, these reviews exist (e.g., Seferian et al. 2016;
401 Seferian et al. 2020; Planchat et al. 2023) and thus can be analyzed with benthic processes in mind, but the
402 coastal/regional models have not been included in these reviews. This process is improved by understanding the
403 region where each model was developed/parameterized/applied, its purpose (what questions does it seek to answer),

404  and its strengths and weaknesses.

405 MIPs often start with a set of standard tests for benchmarking the participating models. The benthic modeling
406 community can adopt this framework for model assessment, which would be useful to the benthic modeling and
407 observation communities alike, as the observational community can better understand critical observations for
408 modeling. Model benchmarking can take the form of evaluating models against a common set of data, which can be
409  either observational or experimental in nature. The goal is not to define which is the “best” model, but to advance
410 understanding of the capabilities of our models and allow model developers to identify areas for improvement.
411 Furthermore, model intercomparisons can enable a community to establish minimal standards for model performance
412 for certain applications, which can be especially useful for achieving the near-term goal of improving the

413  representation of benthic biogeochemistry in current ESMs.

414 Essentially, any such benchmark should focus on the central variables and fluxes identified by the community of end
415 users as the most important for a model to capture, or variables that demonstrate whether a model accurately captures
416  a critical process. At a minimum (to support the model level Low-Low as described in section 2 and Figure 2), these
417  model outputs should include: benthic oxygen (O2) flux, carbon depositional flux, burial flux, and the sediment
418 diffusive fluxes of nutrients (e.g., nitrate (NO3), ammonium (NHs), and phosphate (PO4)). These output variables of
419 benthic sediment models are essential for water-column carbon cycling and biogeochemical processes represented in
420 ESMs (e.g., Figure 4). Further forcing and output variables might be desired depending on the problems/questions
421 being addressed, which may require a higher level of model complexity (model levels Medium and High). To avoid
422 these issues, there must be agreed-upon skill metrics that allow multiple models to be statistically compared while

423  also allowing individual model performance to be tracked over time.

424 Finally, current benthic models are developed with a focal spatial scale for their respective application (see Table 1)
425 ranging from 0D global benthic models with vertically integrated biogeochemistry to 1D vertically resolved and
426 coupled benthic-pelagic models for local/regional modeling. How these models are compared will be critical for a
427 successful SedBGC_MIP. Moreso, many benthic models are not coupled to a pelagic model. Those not coupled are

428 written in a variety of programming languages that may be incompatible with the pelagic models, presenting a
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429  challenge for examining two-way pelagic-benthic dynamics. However, unifying frameworks are available (FABM,
430 Bruggeman and Bolding, 2014), that could allow for multiple benthic models to be forced by the same pelagic regional
431 or global model forcing. A successful benthic-focused MIP can borrow from lessons learned in other adjacent domains

432  where similar issues/solutions exist.
433 5. THE FUTURE OF BENTHIC MODELING

434 The ultimate goal of the BECS community is to simulate benthic processes responsible for the cycling of carbon at
435 the seafloor more realistically with prognostic capabilities rather than diagnostically as they mainly are now. In reality,
436  benthic components and/or species functions regulate surface sedimentary organic carbon cycling, and the cumulative
437  effect of these drivers on biogeochemical processes and their feedback into the overlying water column is at an early
438 stage of understanding relative to the pelagic BGC community. Prognostic/predictive in this context refers to more
439 ambitious biogeochemical and ecological forecasting of benthic processes rather than just fitting a specific dataset.
440 Forecasting could even include data assimilative models in the benthic environment that could be capable of tracking
441 the carbon inventories of surface sediments in real time. This near-term iterative forecasting coupled with synthesizing
442 new and existing data can lead to rapid exploration of competing hypotheses regarding carbon transformation on the
443 seafloor as well as potential feedback processes emerging from pelagic-benthic coupling and temporal lags in
444 sediment-water interactions. This would include the development of models capable of simulating the diverse spatial
445 and temporal dynamics that occur on the seafloor. As previously stated in Section #4 (on observations), the availability
446 of data for evaluation and the development of process-level understanding is critical to further model development, as
447 we can only begin to simulate future changes in benthic fauna and biogeochemical properties if we can reliably
448 simulate the current state with convincingly robust process representation - including past changes (Ehrnsten et al.,

449 2020). In this regard, increased collaboration between observational and modeling communities cannot be overstated.
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Complexity | Model Name Model Spatial Vertical Temporal Number of Benthic and pelagic Redox Processes Ecosystem
Level / Reference Type Extent Resolution Range Tracers exchange Represented Processes
(BGC first, Represented
ecosystem
second)
Low-Low Somes et al. 3D Global 0D sediment Multimillennial | None None Empirical benthic | None
2021 - UVie- | pelagic, metamodel denitrification and
MOBI vertically fluxes iron reduction
integrated
benthic
model
Low-Low Stock et al. 3D Global 0D Multidecadal to | None Benthic reflective Empirical benthic | None
2020 - pelagic, metamodel Multimillennial layer denitrification and
COBALTvV2 vertically for calcite; 0D iron fluxes;
integrated benthic layer Sulfate reduction
benthic for organic represented as
model matter negative oxygen
when nitrate is
depleted
Low- Gibson and 1D/3D Bering Sea 1-layer Multidecadal to | 1 solid, 1 infauna Particulate deposition, | None Infauna grazing
Medium Spitz, 2011 - pelagic benthic Multimillennial Burial, Benthic detrital and respiration
\O BEST _NPZ with 1D remineralization
M benthic
+ &
ﬁ m Low- Yool et al. 0D size- Global 0D Multidecadal to | 16 size classes of None None None
m > Medium 2017 - BORIS | resolved Multimillennial | metazoans
N benthic
g biomass
Lﬂ_u.v s model
a7
aou.vc Medium- Heinze et al. Coupled Global 10-layer 0(100) years 6 Sediment Pore None None Bioturbation
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Complexity | Model Name Model Spatial Vertical Temporal Number of Benthic and pelagic Redox Processes Ecosystem
Level / Reference Type Extent Resolution Range Tracers exchange Represented Processes
(BGC first, Represented
ecosystem
second)
Medium- Cerco et al. 3D pelagic | Regional 2-layer Seasonal, 8 Sediment Particulate deposition, Anaerobic Bioturbation
Low 2010 with 2D Seas, benthic Annual, Porewater, 12 burial, remineralization; represented as
benthic Estuaries resolution Interannual Solid Sediment remineralization, Nitrification; a mixing and
exchange of inorganic Denitrification; diffusive factor
nutrients and gases Sulfate Reduction, | based on POC
Methanogenesis,
Phosphorus and
silica sorption-
desorption
Medium- Butenschon et | Modular Global and 3 implicitly Annual to 35 benthic POM deposition and Aerobic and Aerobic and
High al. 2016 - 1D/3D regional seas | resolved Multimillennial | variables resuspension, anaerobic anaerobic
ERSEM benthic + redox layers, Diffusive exchange remineralization; bacteria;
15.06 pelagic benthic POM flux of dissolved Nitrification; Deposit
model follows an inorganic nutrients Denitrification feeders;
exponential Suspension
distribution feeders;
Meiofauna;
Optional
benthic
predators
High-Low Moriarty et al. | 1D Rhone River | 1 Active Daily, Seasonal, | 2 solids; 4 solutes | Age of POM/nutrients | Oxic and anoxic None
2017 - Coupled Subaqueous Transport Yearly in the seabed, remineralization;
HydroBioSed | benthic + Delta layer Resuspension and Other oxidants in
pelagic 19 high res redistribution of the one process
model layers OM and
39 medium nutrients,Incorporated
res layers aggregation of detritus,
1 repository Seabed-water-column
layer diffusion
High-Low Nmor et al. 1D Rhone River | 100-layer Daily, Seasonal, | 3 solids; 8 solutes | Diffusive exchange 5 redox steps in Parameterized
2022 - Sediment | Mouth, vertical grid Yearly flux of dissolved the primary bioturbation
FESDIA Model France increasing inorganic nutrients reaction; 5 in the and
(river- geometrically from Benthic to Pelagic | secondary bioirrigation
dominated reaction
coastal
margins)
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Complexity | Model Name Model Spatial Vertical Temporal Number of Benthic and pelagic Redox Processes Ecosystem
Level / Reference Type Extent Resolution Range Tracers exchange Represented Processes
(BGC first, Represented
ecosystem
second)
High-Low Sulpis et al. 1D Global User-defined | Daily to 8 solids, 11 solutes | Diffusive exchange Organic-matter Bioturbation
2022 RADI Sediment | application Multimillenial flux of dissolved degradation using | and
Model inorganic nutrients 03, NO3, MnO,, bioirrigation
from Benthic to Pelagic | Fe(OH)s, SO4;
Methanogenesis;
Oxidation of Fe,
Zﬁu Iwmq Z—n—w
High-Low Yeetal. - 3D Global 21-layer ? (MEDUSA)“(must | None Calcite, opal, and | Bioturbation is
FESOM- Coupled diagenesis be configured to POM reach represented as
RECOM- benthic + model fit the complexity sediment where a diffusive
MEDUSA / pelagic requirements of a remin. + bioturb process
Munhoven model give application” generate dissolved
2021 DIC, DIN, Alk,
MEDUSA DSi, and O,
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Table 2: Common and essential variables that could inform and be compared between different models

Bottom water
temperature, salinity, O2,
and nutrients, Export

production/flux of POC

Benthic O2 flux, Burial
flux of carbon, Diffusive
fluxes of NH4, NO3, PO4,
DIC

Model Level/Tier Common input/Forcing | Common output/Fluxes | Possible variables for
(Linked to the table on (From ESM) (From Sediment models) | evaluation

model levels of

complexity)

Low-Low

Benthic O2 flux, Total
carbon remineralization

rate

Medium-Medium

Bottom water inorganic
nutrients, Sinking fluxes
of PON and DON,
Sediment porosity (Grain

size)

Diffusive fluxes of
dissolved silicate and
metals (e.g., Fe), Oxic
layer depth, Nitrification
rates, Denitrification rates.

Benthic biomass

DIC flux, Total Organic
Carbon (TOC) content,
Benthic biomass,

Porewater profiles

High-High

Bottom water alkalinity,

Bottom shear stress,

Diffusive fluxes of
Alkalinity, Calcite and
Opal concentrations,
Benthic community

structure

Alkalinity flux, Benthic
carbon uptake, Benthic
primary production,
Community composition,

Porewater profiles

Code Availability: The COBALTv2 model was retrieved from Github repository: https://github.com/NOAA-
GFDL/ocean BGC . ERSEM model code is available at https://github.com/pmlmodelling/ersem, FABM framework
available at https://github.com/fabm-model/fabm and GOTM source code available at https://github.com/gotm-

model/. Source code and supporting data for the Kearney et al. (in review) implementation of ROMS with 3

biogeochemical models can be found at https:/github.com/kakearney/supplementary-data-bgcmip.
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Data Availability: No new observations were generated as part of this work. The exact version of the model used in
the case study surrounding the results described in Kearney et al. (in review), to produce the results used in this
paper is archived on Zenodo under DOI (10.5281/zenodo.15015214, Kearney et al. 2025b), as are input data and
scripts to run the model and produce the plots for all the simulations presented in this paper (Kearney et al. in
review) and https://github.com/kakearney/supplementary-data-bgcmip/. The results used in this paper for the case
study with ERSEM are archived on Zenodo under DOI link 10.5281/zenodo.15235658 (Lessin 2025). The results

used in this paper for the case study with the global model experiment is archived on Zenodo under DOI link

10.5281/zenodo.15224380 (Rakshit & Luo, 2025).

Author contributions: SS and SN provided project administration and with help from CP and JL prepared the
initial manuscript with contributions from all co-authors. SS, SN, GL, KK, SR, CP, and JL designed the
experiments for the case studies and GL, KK, and SR carried them out. JL, GL, KK, and SR generated visualizations
which are included as Figures with input from all co-authors. KG and JL drafted Table 1 and everyone edited. DS
and AP drafted Table 2 and everyone edited. All co-authors reviewed and edited the final manuscript.

Competing Interests: Nothing to report.

Acknowledgements: We would like to thank all the participants of the Benthic Ecosystem and Carbon Synthesis
working group (BECS), funded by the U.S. Ocean Carbon and Biogeochemistry Program (US-OCB). Their
comments and insights as part of the 2024 workshop discussion helped shape the manuscript. We also thank Heather
Benway, Mai Maheigan, and Mary Zawoysky for their assistance in organizing the BECS working group and
workshop. We also would like to thank John Dunne for providing an internal NOAA review. Finally, we also want
to acknowledge the contributions of ChatGPT for helping craft the initial draft abstract for this document which was
then edited and updated by the author team.

Financial support: The OCB Benthic Ecosystem & Carbon Synthesis (BECS) working group and its activities
were established with funding from the Ocean Carbon & Biogeochemistry (OCB, us-ocb.org) Project Office, which
receives support from the National Science Foundation (NSF OCE-1850983) and the National Aeronautics & Space
Administration (NASA 8ONSSC21K0413). SAS, CS, JL, DS, JT, and DB were supported by NOPP NOAA grant
number NA230OARO0170511. SR was supported by NOAA award NA24OARX405G0001-T1-01. CMP was
supported by NOAA CPO grants NA200OAR4310438, NA20OAR4310441, and NA20OAR4310442. GL
acknowledges the support of UK NERC Atlantic Climate and Environment Strategic Science (AtlantiS) programme
(grant NE/Y005589/1). CR was supported by the PPR-RiOMar project, a French government grant managed by the
Agence Nationale de la Recherche under the France 2030 program, reference ANR 22 POCE 0006.

References:

Banas, N. S., Zhang, J., Campbell, R. G., Sambrotto, R. N., Lomas, M. W., Sherr, E., Sherr, B., Ashjian, C., Stoecker,
D., and Lessard, E. J.: Spring plankton dynamics in the Eastern Bering Sea, 1971-2050: Mechanisms of interannual

22



https://doi.org/10.5194/egusphere-2025-1846
Preprint. Discussion started: 14 July 2025 G
© Author(s) 2025. CC BY 4.0 License. E U Sp here

variability diagnosed with a numerical model, JGR Oceans, 121, 1476-1501, https://doi.org/10.1002/2015JC011449,
2016.

Berner, R. A.: Early diagenesis: a theoretical approach, Princeton University Press, Princeton, N.J, 241 pp., 1980.

Bianchi, T. S., Aller, R. C., Atwood, T. B., Brown, C. J., Buatois, L. A., Levin, L. A., Levinton, J. S., Middelburg, J.
J., Morrison, E. S., Regnier, P., Shields, M. R., Snelgrove, P. V. R., Sotka, E. E., and Stanley, R. R. E.: What global
biogeochemical consequences will marine animal-sediment interactions have during climate change?, Elementa:
Science of the Anthropocene, 9, 00180, https://doi.org/10.1525/elementa.2020.00180, 2021.

Bohlen, L., Dale, A. W., Sommer, S., Mosch, T., Hensen, C., Noftke, A., Scholz, F., and Wallmann, K.: Benthic
nitrogen cycling traversing the Peruvian oxygen minimum zone, Geochimica et Cosmochimica Acta, 75, 6094—
6111, https://doi.org/10.1016/j.gca.2011.08.010, 2011.

Boudreau, B. P.: A method-of-lines code for carbon and nutrient diagenesis in aquatic sediments., Comp. Geosci.,
22, 479496, 1996.

Brady, D.C., Testa, JM., Di Toro, D.M., Boynton, W.R., & Kemp, W.M. Sediment Flux Modeling: Application and
validation for coastal systems. Estuarine, Coastal, and Shelf Science 117: 107-124, 2013.

Bruggeman, J. and Bolding, K.: A general framework for aquatic biogeochemical models, Environmental Modelling
& Software, 61, 249-265, https://doi.org/10.1016/j.envsoft.2014.04.002, 2014.

Burdige, D. J.: Geochemistry of marine sediments, Princeton University Press, Princeton, NJ, 609 pp., 2006.

Butenschon, M., Clark, J., Aldridge, J. N., Allen, J. L., Artioli, Y., Blackford, J., Bruggeman, J., Cazenave, P.,
Ciavatta, S., Kay, S., Lessin, G., van Leeuwen, S., van der Molen, J., de Mora, L., Polimene, L., Sailley, S.,
Stephens, N., and Torres, R.: ERSEM 15.06: a generic model for marine biogeochemistry and the ecosystem
dynamics of the lower trophic levels, Geoscientific Model Development, 9, 1293-1339,
https://doi.org/10.5194/gmd-9-1293-2016, 2016.

Cathalot, C., Rabouille, C., Pastor, L., Deflandre, B., Viollier, E., Buscail, R., Grémare, A., Treignier, C., and
Pruski, A.: Temporal variability of carbon recycling in coastal sediments influenced by rivers: assessing the impact
of flood inputs in the Rhone River prodelta, Biogeosciences, 7, 1187-1205, https://doi.org/10.5194/bg-7-1187-2010,
2010.

Cerco, C.F., Kim, S.-C. and Noel, M.R., The 2010 Chesapeake Bay Eutrophication Model. 228. 2010.

Dale, A. W., Nickelsen, L., Scholz, F., Hensen, C., Oschlies, A., and Wallmann, K.: A revised global estimate of
dissolved iron fluxes from marine sediments: GLOBAL BENTHIC IRON FLUXES, Global Biogeochem. Cycles,
29, 691-707, https://doi.org/10.1002/2014GB005017, 2015.

De Borger, E., Tiano, J., Bracckman, U., Rijnsdorp, A. D., and Soetaert, K.: Impact of bottom trawling on sediment
biogeochemistry: a modelling approach, Biogeosciences, 18, 2539-2557, https://doi.org/10.5194/bg-18-2539-2021,
2021.

Deutsch, C., Frenzel, H., McWilliams, J. C., Renault, L., Kessouri, F., Howard, E., Liang, J.-H., Bianchi, D., and
Yang, S.: Biogeochemical variability in the California Current System, Progress in Oceanography, 196, 102565,
https://doi.org/10.1016/j.pocean.2021.102565, 2021.

Di Toro, D.M., 2001. Sediment Flux Modeling. Wiley-Interscience, New York

Doney, S. C., Lindsay, K., Caldeira, K., Campin, J. -M., Drange, H., Dutay, J. -C., Follows, M., Gao, Y.,

Gnanadesikan, A., Gruber, N., Ishida, A., Joos, F., Madec, G., Maier-Reimer, E., Marshall, J. C., Matear, R. J.,
Monfray, P., Mouchet, A., Najjar, R., Orr, J. C., Plattner, G. -K., Sarmiento, J., Schlitzer, R., Slater, R., Totterdell, 1.

23



https://doi.org/10.5194/egusphere-2025-1846
Preprint. Discussion started: 14 July 2025 G
© Author(s) 2025. CC BY 4.0 License. E U Sp here

J., Weirig, M. -F., Yamanaka, Y., and Yool, A.: Evaluating global ocean carbon models: The importance of realistic
physics, Global Biogeochemical Cycles, 18, 2003GB002150, https://doi.org/10.1029/2003GB002150, 2004.

Drenkard, E. J., Stock, C. A., Ross, A. C., Teng, Y.-C., Morrison, T., Cheng, W., Adcroft, A., Curchitser, E.,
Dussin, R., Hallberg, R., Hauri, C., Hedstrom, K., Hermann, A., Jacox, M. G., Kearney, K. A., Pages, R., Pilcher, D.
J., Pozo Buil, M., Seelanki, V., and Zadeh, N.: A regional physical-biogeochemical ocean model for marine resource
applications in the Northeast Pacific (MOM6-COBALT-NEP10k v1.0), https://doi.org/10.5194/gmd-2024-195, 18
December 2024.

Dunne, J. P., Sarmiento, J. L., and Gnanadesikan, A.: A synthesis of global particle export from the surface ocean
and cycling through the ocean interior and on the seafloor, Global Biogeochemical Cycles, 21,
https://doi.org/10.1029/2006GB002907, 2007.

Dunne, J. P., Hales, B., and Toggweiler, J. R.: Global calcite cycling constrained by sediment preservation controls,
Global Biogeochem. Cycles, 26, 2010GB003935, https://doi.org/10.1029/2010GB003935, 2012.

Ehrnsten, E., Sun, X., Humborg, C., Norkko, A., Savchuk, O. P., Slomp, C. P., Timmermann, K., and Gustafsson, B.
G.: Understanding Environmental Changes in Temperate Coastal Seas: Linking Models of Benthic Fauna to Carbon
and Nutrient Fluxes, Front. Mar. Sci., 7, 450, https://doi.org/10.3389/fmars.2020.00450, 2020.

Eyring, V., Bony, S., Meehl, G. A., Senior, C. A., Stevens, B., Stouffer, R. J., and Taylor, K. E.: Overview of the
Coupled Model Intercomparison Project Phase 6 (CMIP6) experimental design and organization, Geoscientific
Model Development, https://doi.org/10.5194/gmd-9-1937-2016, 2016.

Fennel, K. and Testa, J. M.: Biogeochemical Controls on Coastal Hypoxia, Annu. Rev. Mar. Sci., 11, 105-130,
https://doi.org/10.1146/annurev-marine-010318-095138, 2019.

Ferreira, E., Nmor, S., Viollier, E., Lansard, B., Bombled, B., Regnier, E., Monvoisin, G., Grenz, C., van Beek, P.,
and Rabouille, C.: Characterization of the benthic biogeochemical dynamics after flood events in the Rhone River
prodelta: a data—model approach, Biogeosciences, 21, 711-729, https://doi.org/10.5194/bg-21-711-2024, 2024.

Frenzel, A., Tobias, C., Siedlecki, S.A., Ruffino, P., Berger, H., Salisbury, J. : Sediment-Water Alkalinity Exchange
Dynamics on the Northwest Atlantic Shelf, JGR-Oceans, in prep.

Frieler, K., Lange, S., Piontek, F., Reyer, C. P. O., Schewe, J., Warszawski, L., Zhao, F., Chini, L., Denvil, S.,
Emanuel, K., Geiger, T., Halladay, K., Hurtt, G., Mengel, M., Murakami, D., Ostberg, S., Popp, A., Riva, R,
Stevanovic, M., Suzuki, T., Volkholz, J., Burke, E., Ciais, P., Ebi, K., Eddy, T. D., Elliott, J., Galbraith, E., Gosling,
S. N., Hattermann, F., Hickler, T., Hinkel, J., Hof, C., Huber, V., Jigermeyr, J., Krysanova, V., Marcé, R., Miiller
Schmied, H., Mouratiadou, 1., Pierson, D., Tittensor, D. P., Vautard, R., Van Vliet, M., Biber, M. F., Betts, R. A.,
Bodirsky, B. L., Deryng, D., Frolking, S., Jones, C. D., Lotze, H. K., Lotze-Campen, H., Sahajpal, R., Thonicke, K.,
Tian, H., and Yamagata, Y.: Assessing the impacts of 1.5 °C global warming — simulation protocol of the Inter-
Sectoral Impact Model Intercomparison Project (ISIMIP2b), Geosci. Model Dev., 10, 43214345,
https://doi.org/10.5194/gmd-10-4321-2017, 2017.

Froelich, P. N., Klinkhammer, G. P., Bender, M. L., Luedtke, N. A., Heath, G. R., Cullen, D., Dauphin, P.,
Hammond, D., Hartman, B., and Maynard, V.: Early oxidation of organic matter in pelagic sediments of the eastern
equatorial Atlantic: suboxic diagenesis, Geochimica et Cosmochimica Acta, 43, 1075-1090,
https://doi.org/10.1016/0016-7037(79)90095-4, 1979.

Gibson, G. A. and Spitz, Y. H.: Impacts of biological parameterization, initial conditions, and environmental forcing
on parameter sensitivity and uncertainty in a marine ecosystem model for the Bering Sea, Journal of Marine

Systems, 88, 214-231, https://doi.org/10.1016/j.jmarsys.2011.04.008, 2011.

Glud, R. N.: Oxygen dynamics of marine sediments, Marine Biology Research, 4, 243-289,
https://doi.org/10.1080/17451000801888726, 2008.

24



https://doi.org/10.5194/egusphere-2025-1846
Preprint. Discussion started: 14 July 2025 G
© Author(s) 2025. CC BY 4.0 License. E U Sp here

Jorgensen, B.B., Wenzhofer, F., Egger, M., and Glud, R.N.: Sediment oxygen consumption: Role in the global
marine carbon cycle, Earth-Science Reviews, 228, 102987, https://doi.org/10.1016/j.earscirev.2022.103987, 2022.

Jorgensen, B.B., Egger, M., and Canfield, D.E.: Sulfate distribution and sulfate reduction in global marine
sediments, GCA, 364, 79-88, https://doi.org/10.1016/j.gca.2023.11.015, 2024.

Kearney, K., Hermann, A., Cheng, W., Ortiz, L., and Aydin, K.: A coupled pelagic—benthic—sympagic
biogeochemical model for the Bering Sea: documentation and validation of the BESTNPZ model (v2019.08.23)
within a high-resolution regional ocean model, Geosci. Model Dev., 13, 597-650, https://doi.org/10.5194/gmd-13-
597-2020, 2020.

Kearney, K.A., Cheng, W., and Hermann, A. J.: A biogeochemical model intercomparison for the eastern Bering
Sea shelf, ESS Open Archive, DOI: 10.22541/au.174301705.52428579/v1, March 26, 2025.

Kearney, K.A., Cheng, W., and Hermann, A. J.: A biogeochemical model intercomparison for the eastern Bering
Sea shelf, Zenodo. [data set], https://doi.org/10.5281/zenodo.15015214, 2025b.

Keller, D. P., Lenton, A., Scott, V., Vaughan, N. E., Bauer, N., Ji, D., Jones, C. D., Kravitz, B., Muri, H., and
Zickfeld, K.: The Carbon Dioxide Removal Model Intercomparison Project (CDRMIP): rationale and experimental
protocol for CMIP6, Geosci. Model Dev., 11, 1133-1160, https://doi.org/10.5194/gmd-11-1133-2018, 2018.

Kolling, M., Bouimetarhan, 1., Bowles, M. W., Felis, T., Goldhammer, T., Hinrichs, K.-U., Schulz, M., and Zabel,
M.: Consistent CO2 release by pyrite oxidation on continental shelves prior to glacial terminations, Nat. Geosci., 12,

929-934, https://doi.org/10.1038/s41561-019-0465-9, 2019.

Large, W. G. and Yeager, S. G.: The global climatology of an interannually varying air - Sea flux data set, Climate
Dynamics, https://doi.org/10.1007/s00382-008-0441-3, 2009.

Lessin, G.: glessin/sedbgc_mip: v1.0 (v1.0). Zenodo. [data set] https://doi.org/10.5281/zenodo.15235659, 2025.

Lessin, G., Artioli, Y., Almroth-Rosell, E., Blackford, J. C., Dale, A. W., Glud, R. N., Middelburg, J. J., Pastres, R.,
Queirds, A. M., Rabouille, C., Regnier, P., Soetaert, K., Solidoro, C., Stephens, N., and Yakushev, E.: Modelling
Marine Sediment Biogeochemistry: Current Knowledge Gaps, Challenges, and Some Methodological Advice for
Advancement, Front. Mar. Sci., 5, 19, https://doi.org/10.3389/fmars.2018.00019, 2018.

Lessin, G., Bruggeman, J., McNeill, C. L., and Widdicombe, S.: Time Scales of Benthic Macrofaunal Response to
Pelagic Production Differ Between Major Feeding Groups, Front. Mar. Sci., 6, 15,
https://doi.org/10.3389/fmars.2019.00015, 2019.

Lochte, K. and Turley, C. M.: Bacteria and cyanobacteria associated with phytodetritus in the deep sea, Nature, 333,
67-69, 1988.

Mathis, M., Logemann, K., Maerz, J., Lacroix, F., Hagemann, S., Chegini, F., Ramme, L., Ilyina, T., Korn, P., and
Schrum, C.: Seamless Integration of the Coastal Ocean in Global Marine Carbon Cycle Modeling, J] Adv Model
Earth Syst, 14, €2021MS002789, https://doi.org/10.1029/2021MS002789, 2022.

Middelburg, J. J., Soetaert, K., Herman, P. M. J., and Heip, C. H. R.: Denitrification in marine sediments: A model
study, Global Biogeochem. Cycles, 10, 661-673, https://doi.org/10.1029/96GB02562, 1996.

Moriarty, J. M., Harris, C. K., Fennel, K., Friedrichs, M. A. M., Xu, K., and Rabouille, C.: The roles of
resuspension, diffusion and biogeochemical processes on oxygen dynamics offshore of the Rhone River, France: a

numerical modeling study, Biogeosciences, 14, 19191946, https://doi.org/10.5194/bg-14-1919-2017, 2017.

Moriarty, J. M., Harris, C. K., Friedrichs, M. A. M., Fennel, K., and Xu, K.: Impact of Seabed Resuspension on
Oxygen and Nitrogen Dynamics in the Northern Gulf of Mexico: A Numerical Modeling Study, JGR Oceans, 123,

25



https://doi.org/10.5194/egusphere-2025-1846
Preprint. Discussion started: 14 July 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

7237-7263, https://doi.org/10.1029/20181C013950, 2018.

Moriarty, J. M., Friedrichs, M. A. M., and Harris, C. K.: Seabed Resuspension in the Chesapeake Bay: Implications
for Biogeochemical Cycling and Hypoxia, Estuaries and Coasts, 44, 103—122, https://doi.org/10.1007/s12237-020-
00763-8, 2021.

Morse, J. W. and Eldridge, P. M.: A non-steady state diagenetic model for changes in sediment biogeochemistry in
response to seasonally hypoxic/anoxic conditions in the “dead zone” of the Louisiana shelf, Marine Chemistry, 106,
239-255, https://doi.org/10.1016/j.marchem.2006.02.003, 2007.

Munhoven, G.: Model of Early Diagenesis in the Upper Sediment with Adaptable complexity - MEDUSA (v. 2): a
time-dependent biogeochemical sediment module for Earth system models, process analysis and teaching, Geosci.
Model Dev., 14, 3603-3631, https://doi.org/10.5194/gmd-14-3603-2021, 2021.

Nmor, S. L., Viollier, E., Pastor, L., Lansard, B., Rabouille, C., and Soetaert, K.: FESDIA (v1.0): exploring temporal
variations of sediment biogeochemistry under the influence of flood events using numerical modelling,
Geoscientific Model Development, 15, 7325-7351, https://doi.org/10.5194/gmd-15-7325-2022, 2022.

Paraska, D. W., Hipsey, M. R., and Salmon, S. U.: Sediment diagenesis models: Review of approaches, challenges
and opportunities, Environmental Modelling & Software, 61, 297-325,
https://doi.org/10.1016/j.envsoft.2014.05.011, 2014.

Planchat, A., Kwiatkowski, L., Bopp, L., Torres, O., Christian, J. R., Butenschén, M., Lovato, T., Séférian, R.,
Chamberlain, M. A., Aumont, O., Watanabe, M., Yamamoto, A., Yool, A., Ilyina, T., Tsujino, H., Krumhardt, K.
M., Schwinger, J., Tjiputra, J., Dunne, J. P., and Stock, C.: The representation of alkalinity and the carbonate pump
from CMIP5 to CMIP6 Earth system models and implications for the carbon cycle, Biogeosciences, 20, 1195-1257,
https://doi.org/10.5194/bg-20-1195-2023, 2023.

Rabouille, C. and Gaillard, J.-F.: Towards the EDGE: Early diagenetic global explanation. A model depicting the
early diagenesis of organic matter, 02, NO3, Mn, and PO4, Geochimica et Cosmochimica Acta, 55, 2511-2525,
https://doi.org/10.1016/0016-7037(91)90369-G, 1991.

Rakshit, S., Glock, N., Dale, A. W., Armstrong, M. M. L., Scholz, F., Mutzberg, A., and Algar, C. K.: Foraminiferal
denitrification and deep bioirrigation influence benthic biogeochemical cycling in a seasonally hypoxic fjord,
Geochimica et Cosmochimica Acta, 388, 268-282, https://doi.org/10.1016/j.gca.2024.10.010, 2025.

Rakshit, S., & Luo, J. Y.:Organic matter burial experiment in "Sediment Biogeochemistry Model Intercomparison
Project (SedBGC_MIP): motivation and guidance for its experimental design". Zenodo. [data
set] https://doi.org/10.5281/zenodo.15224381, 2025.

Regnier, P., Resplandy, L., Najjar, R. G., and Ciais, P.: The land-to-ocean loops of the global carbon cycle, Nature,
603, 401-410, https://doi.org/10.1038/s41586-021-04339-9, 2022.

Ross, A. C., Stock, C. A., Adcroft, A., Curchitser, E., Hallberg, R., Harrison, M. J., Hedstrom, K., Zadeh, N.,
Alexander, M., Chen, W., Drenkard, E. J., Du Pontavice, H., Dussin, R., Gomez, F., John, J. G., Kang, D., Lavoie,
D., Resplandy, L., Roobaert, A., Saba, V., Shin, S.-1., Siedlecki, S., and Simkins, J.: A high-resolution physical—
biogeochemical model for marine resource applications in the northwest Atlantic (MOM6-COBALT-NWA12 v1.0),
Geosci. Model Dev., 16, 6943-6985, https://doi.org/10.5194/gmd-16-6943-2023, 2023.

Séférian, R., Gehlen, M., Bopp, L., Resplandy, L., Orr, J. C., Marti, O., ... & Romanou, A.: Inconsistent strategies to
spin up models in CMIPS5: Implications for ocean biogeochemical model performance assessment. Geoscientific

Model Development, 9(5), 1827-1851, 2016.

Séférian, R., Berthet, S., Yool, A., Palmiéri, J., Bopp, L., Tagliabue, A., ... & Yamamoto, A.: Tracking improvement
in simulated marine biogeochemistry between CMIP5 and CMIP6. Current Climate Change Reports, 6(3), 95-119,

26



https://doi.org/10.5194/egusphere-2025-1846
Preprint. Discussion started: 14 July 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

2020.

Siedlecki, S. A., Banas, N. S., Davis, K. A., Giddings, S., Hickey, B. M., MacCready, P., Connolly, T., and Geier,
S.: Seasonal and interannual oxygen variability on the Washington and Oregon continental shelves, JGR Oceans,
120, 608-633, https://doi.org/10.1002/2014JC010254, 2015.

Smith, C.R., Hoover, D.J., Doan, S.E., Pope, R.H., Demaster, D.J., Dobbs, F.C., & M. A. Altabet: Phytodetritus at
the abyssal seafloor across 10° of latitude in the central equatorial Pacific, Deep Sea Research Part II: Topical
Studies in Oceanography,Volume 43, Issues 4—6, Pages 1309-1338, ISSN 0967-0645, https://doi.org/10.1016/0967-
0645(96)00015-X ,1996

Smith, K. L., Ruhl, H. A., Huffard, C. L., Messi¢, M., and Kahru, M.: Episodic organic carbon fluxes from surface
ocean to abyssal depths during long-term monitoring in NE Pacific, Proc. Natl. Acad. Sci. U.S.A., 115, 12235—
12240, https://doi.org/10.1073/pnas.1814559115, 2018.

Soetaert, K., Herman, P. M. J., and Middelburg, J. J.: A model of early diagenetic processes from the shelf to
abyssal depths, Geochimica et Cosmochimica Acta, 60, 1019-1040, https://doi.org/10.1016/0016-7037(96)00013-0,
1996.

Soetaert, K., Middelburg, J. J., Herman, P. M. J., and Buis, K.: On the coupling of benthic and pelagic
biogeochemical models, Earth-Science Reviews, 51, 173-201, https://doi.org/10.1016/S0012-8252(00)00004-0,
2000.

Somes, C. J., Dale, A. W., Wallmann, K., Scholz, F., Yao, W., Oschlies, A., Muglia, J., Schmittner, A., and
Achterberg, E. P.: Constraining Global Marine Iron Sources and Ligand-Mediated Scavenging Fluxes With
GEOTRACES Dissolved Iron Measurements in an Ocean Biogeochemical Model, Global Biogeochemical Cycles,
35, €2021GB006948, https://doi.org/10.1029/2021GB006948, 2021.

Stock, C. A., Dunne, J. P., and John, J. G.: Global-scale carbon and energy flows through the marine planktonic
food web: An analysis with a coupled physical-biological model, Progress in Oceanography, 120, 1-28,
http://dx.doi.org/10.1016/j.pocean.2013.07.001, 2014.

Stock, C. A., Dunne, J. P., Fan, S., Ginoux, P., John, J., Krasting, J. P., Laufkotter, C., Paulot, F., and Zadeh, N.:
Ocean Biogeochemistry in GFDL’s Earth System Model 4.1 and Its Response to Increasing Atmospheric CO 2, J
Adv Model Earth Syst, 12, https://doi.org/10.1029/2019MS002043, 2020.

Sulpis, O., Humphreys, M. P., Wilhelmus, M. M., Carroll, D., Berelson, W. M., Menemenlis, D., Middelburg, J. J.,
and Adkins, J. F.: RADIv1: a non-steady-state early diagenetic model for ocean sediments in Julia and
MATLAB/GNU Octave, Geoscientific Model Development, 15, 2105-2131, https://doi.org/10.5194/gmd-15-2105-
2022, 2022.

Tagliabue, A., Aumont, O., DeAth, R., Dunne, J. P., Dutkiewicz, S., Galbraith, E., Misumi, K., Moore, J. K.,
Ridgwell, A., Sherman, E., Stock, C., Vichi, M., Vélker, C., and Yool, A.: How well do global ocean
biogeochemistry models simulate dissolved iron distributions?, Global Biogeochemical Cycles, 30, 149-174,
https://doi.org/10.1002/2015GB005289, 2016.

Tiano, J., Witbaard, R., Gerkema, T., and Soetaert, K.: Biogeochemical dynamics in a marine storm demonstrates
differences between natural and anthropogenic impacts, Sci Rep, 14, 8802, https://doi.org/10.1038/s41598-024-
59317-8, 2024.

Tittensor, D. P., Eddy, T. D., Lotze, H. K., Galbraith, E. D., Cheung, W., Barange, M., Blanchard, J. L., Bopp, L.,
Bryndum-Buchholz, A., Biichner, M., Bulman, C., Carozza, D. A., Christensen, V., Coll, M., Dunne, J. P.,
Fernandes, J. A., Fulton, E. A., Hobday, A. J., Huber, V., Jennings, S., Jones, M., Lehodey, P., Link, J. S.,
Mackinson, S., Maury, O., Niiranen, S., Oliveros-Ramos, R., Roy, T., Schewe, J., Shin, Y.-J., Silva, T., Stock, C.
A., Steenbeek, J., Underwood, P. J., Volkholz, J., Watson, J. R., and Walker, N. D.: A protocol for the

27



https://doi.org/10.5194/egusphere-2025-1846
Preprint. Discussion started: 14 July 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

intercomparison of marine fishery and ecosystem models: Fish-MIP v1.0, Geoscientific Model Development, 11,
1421-1442, https://doi.org/10.5194/gmd-11-1421-2018, 2018.

Toussaint, F., Rabouille, C., Cathalot, C., Bombled, B., Abchiche, A., Aouji, O., Buchholzt, G., Clemengon, A.,
Geyskens, N., Répécaud, M., Pairaud, 1., Verney, R., and Tisnérat-Laborde, N.: A new device to follow temporal
variations of oxygen demand in deltaic sediments: the LSCE benthic station, Limnol. Oceanogr. Methods, 12, 729—
741, https://doi.org/DOI 10.4319/1om.2014.12.729, 2014.

Tryon M., Brown K., Dorman L., and Sauter A.: A new benthic aqueous flux meter for very low to moderate
discharge rates. Deep-Sea Research 1. 48: 2121-2146, 2001.

Wang, Z., Chai, F., & Brady, D.C. Development of a New Sediment Flux Model - Application in Chesapeake Bay.
Progress in Oceanography. 185, 102332 doi.org/10.1016/j.pocean.2020.102332, 2020.

Ward, N. D., Megonigal, J. P., Bond-Lamberty, B., Bailey, V. L., Butman, D., Canuel, E. A., Diefenderfer, H.,
Ganju, N. K., Goiii, M. A., Graham, E. B., Hopkinson, C. S., Khangaonkar, T., Langley, J. A., McDowell, N. G.,
Myers-Pigg, A. N., Neumann, R. B., Osburn, C. L., Price, R. M., Rowland, J., Sengupta, A., Simard, M., Thornton,
P. E., Tzortziou, M., Vargas, R., Weisenhorn, P. B., and Windham-Myers, L.: Representing the function and
sensitivity of coastal interfaces in Earth system models, Nat Commun, 11, 2458, https://doi.org/10.1038/s41467-
020-16236-2, 2020.

28



