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The DBL thickness (éppr) [m] is obtained by dividing
molecular diffusion coefficient (d,, 1) by the the mass transfer

coefficient (k), following Sulpis et al. (2018) as

o
dwT

dpBL = (18)

2.2.2 Pore water dispersion

In permeable sediments (permeability > 10712 m? (Huettel
et al., 2014)), enhanced pore water diffusivity, or dispersion,
is driven by flow interaction with bottom water topography,
density and pressure gradients, and migrating sediment rip-
ples and wave motion (Boudreau, 1997; Huettel et al., 2014).
The net effect on vertical transport can be represented as en-
hanced pore water diffusivity (Boudreau, 1997), which is es-
timated as a function of shear velocity («*), following the

relation dbed in McGinnis et al. (2014):

aKu®

Ky 2,1 = dy o 7IE™ (19)
where K, ; T is the apparent hulk sediment diffusivity (dis-
persion) [m2s~ 1], quT is E ffective diffusion coefficient,

corrected for sediment tortuosity [m2s~!], « is a sediment-
permeability-dependent fit parameter [sm~'] (set to 1, based
on permeable sediments from the Wadden Sea and North
Sea, following McGinnis et al., 2014), « is the von Karman
constant [-], and u* is the friction velocity [mm s~h.

For sediments with permeability below 1012 m2, disper-
sive transport is considered negligible (Huettel et al., 2014),
and « is set to 0, such that, in the absence of advection, only
molecular diffusion governs solute transport. For permeable
sediments (> 10712 m?), sediment dispersion (K, ; T) is in-
corporated as the effective diffusion coefficient (d, ; ) in so-
lute transport equations (Egs. 3 and 5), accounting for both
diffusion and advection.

2.2.3 Numerical methods and computational
enhancements

The original RADIvl framework used a forward Euler
method to solve fundamental transport equations, which re-
quires user-defined time and depth steps that must adhere to
a specific ratio to ensure numerical stability (Sulpis et al.,
2022). However, in coastal environments with steep solute
gradients between porewater and bottom waters, as well as
high microbial activity, this numerical scheme can become
unstable and computationally inefficient. Capturing the com-
plexity of sediment processes requires sufficient vertical dis-
cretization, which increases computational demand. RADIv1
and RADIv2 are the first diagenetic models built using Dif-
ferentialEquations.jl, a high-performance and modular Ju-
lia package for solving differential equations (Rackauckas
and Nie, 2017). Coastal sediments may require higher-order

stiff solvers with fine-tuned tolerance settings to ensure nu-
merical stability while maintaining computational efficiency.
In contrast, deep-sea environments, where geochemical pro-
cesses evolve over longer timescales with more gradual
changes, can be simulated using computationally-efficient
solvers that prioritize stability over high temporal resolu-
tion. RADIv2 allows users to configure solver options, in-
cluding time-stepping strategies, stiffness detection, and con-
vergence criteria, based on the specific characteristics of the
sediment environment being simulated. Additionally, Dif-
ferentialEquations.jl integrates with Julia’s multi-threading
and multiprocessing capabilities, allowing RADIV2 to han-
dle computationally-intensive tasks, such as ensemble simu-
lations, with reduced runtime. Users can define the number
of trajectories and specify parameters for each trajectory in-
dividually, either by explicitly setting values or randomizing
them within predefined ranges. This ensemble approach en-
ables a more-comprehensive exploration of model behavior,
particularly in cases where input parameters are uncertain or
highly variable. Instead of relying on single-point estimates,
users can systematically vary key input parameters such as
organic matter flux, bottom-water temperature, and calcite
saturation state within defined ranges. This flexibility is espe-
cially useful in coastal environments, where such parameters
exhibit significant spatial and temporal variability. Addition-
ally, this capability can be used to constrain unknown pa-
rameters by comparing simulation results with observational
data. The resulting model outputs form an envelope of poten-
tial outcomes that aligns well with in situ data, which is also
typically reported as ranges due to variability within mea-
surement periods.

Building upon an open-source programming language,
RADIV2 leverages Julia’s flexibility to integrate external
packages, including optimization frameworks. One such
package, BlackBoxOptim.jl (Feldt and Stukalov, 2018), pro-
vides an efficient, derivative-free approach to parameter tun-
ing. This heuristic optimization algorithm employs an adap-
tive gradient strategy, beginning with broader exploratory
steps before refining its search space for improved conver-
gence. This adaptability ensures optimization across a wide
range of environmental conditions while minimizing the
risk of becoming trapped in local minima. By incorporating
BlackBoxOptim.jl, RADIV2 allows users to fine-tune model
parameters to align with observational data. This feature is
particularly useful for constraining the best fit to observations
for highly variable or unknown model parameters. RADIv2
includes an example script demonstrating how to optimize
key parameters (https://doi.org/10.5281/zenodo.18386461,
van der Zant et al., 2025). This script serves as a practical
guide, showcasing how users can refine model outputs to
match empirical data. Furthermore, this optimization frame-
work can be extended beyond the examples provided, allow-
ing users to fine-tune any model parameter to improve repre-
sentation across different marine environments.
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Hinne
Thank you to the editor for noticing this inconsistency in the diffusion coefficient notation and its dimensions. 

In Eq. (19), the diffusion coefficient is written as species-dependent, temperature-dependent, and depth-dependent (through the tortuosity), i.e. d(v,z,T). This is consistent with the formulation of  K(v,z,T).

However, in the text describing Eq. (19), the coefficient is currently written as d°(v,T), which is the not depth-dependent. This is inconsistent with Eq. (19) and should be corrected.

Proposed change: replace 
d°(v,T) with d(v,z,T) in the text below Eq. (19), to make the notation consistent with Eq. (19) and with the dimensions/dependencies of K(v,z,T)

For clarity: 
K(v,z,T) is the apparent bulk diffusivity, which includes dispersive transport in the sediment. It is based on an effective diffusion coefficient that depends on the solute species (v) and temperature (T), and includes a tortuosity correction that depends on sediment depth (z). In Eq. (19), this is correctly represented using d(v,z,T). The inconsistency is only in the explanatory text below the equation, where d°(v,T) is referred to, instead of d(v,z,T)

Thank you again for catching this inconsistency, and apologies once more for the lack of clarity in my earlier correction instructions.

Hinne
TS1: Please keep as is. Thank you. 




