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Abstract. Saltwater intrusion is an increasing concern for
coastal ecosystems. While groundwater models have made
progress in simulating aquifer salinization, their boundary
conditions — potentially informed by ocean model simula-
tions in shallow water systems and intertidal zones — re-
main constrained. Here we presented a 3D unstructured-grid
model that covers the Gulf of Maine and the Mid-Atlantic
Bight, and most areas of the South-Atlantic Bight along the
North American Atlantic Coast (“NAAC”) for 2 decades,
with a focus on the salinity simulations. This model resolves
detailed geometric features of tidal tributaries down to 100 m
while maintaining a resolution of 6.5 km in the coastal ocean.
The two-decadal simulations from 2001 to 2020 were eval-
uated using a comprehensive observational dataset of eleva-
tion, temperature, and salinity. The mean absolute error in
the M2 amplitude across the NOAA tidal gauges within the
domain is 0.11 m. The root-mean-square deviation for salin-
ity and temperature measurements are 0.27 PSU and 0.12 °C,
respectively. The model reasonably captured the currents and
circulations. For the first time, we extended a regional con-
tinental scale ocean model to the tidal wetlands to include
compound flooding process. The two-decade of simulations
of hydrodynamic and hydrological connectivity along the At-
lantic Coast have significantly addressed numerous obser-
vational gaps in many systems. Specifically, saltwater intru-
sion patterns in major estuaries of the Mid-Atlantic, such as
Chesapeake Bay, Delaware Bay, and other tributaries within

the same hydrologic unit, exhibit significant correlations.
The seamless cross-scale capability of this model facilitates
future applications to land-sea interactions, such as carbon
fluxes.

1 Introduction

Coastal regions are critical transition zones between saline
oceanic waters and freshwater systems. Saltwater intrusion
(SWI), defined as the landward encroachment of saltwa-
ter into freshwater aquifers, has become an increasing con-
cern due to its adverse effects on drinking water quality,
agriculture, and ecosystem stability (Barlow and Reichard,
2010; Werner et al., 2013). Numerical modeling, particularly
groundwater models (e.g., Heiss and Michael, 2014; Paldor
and Michael, 2021; Zhang et al., 2022), has been an effective
tool for assessing SWI and its ecological impacts. Although
oceanic forcing can be integrated into groundwater models
through various approaches, such as incorporating observa-
tional data (Heiss and Michael, 2014), the spatial coverage
and resolution often remain limited. Coastal ocean models
can provide comprehensive boundary conditions across ex-
tended spatial and temporal scales. Larger regional models,
which are typically downscaled from global ocean models,
primarily emphasize deep-water regions and ocean circula-
tion patterns (Hofmann et al., 2008; Warner et al., 2010;
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Lopez et al., 2020). In contrast, higher-resolution models
— often with spatial resolutions of a few hundred meters —
are used to capture nonlinear dynamics influenced by local
geographic features, as demonstrated in studies of Chesa-
peake Bay (Li et al., 2005; Cai et al., 2022b), Delaware Bay
(Chen et al., 2018; Liu et al., 2024), and other coastal sys-
tems worldwide (Xia et al., 2007; Xue et al., 2009, 2012;
Chen et al., 2011; Li et al., 2022). However, shallow water
systems and intertidal zones are often simplified or entirely
excluded unless specifically targeted in certain studies (Tian
et al., 2022; Cai et al., 2023). These omissions can compro-
mise the accuracy of certain assessments, thereby limiting
the effectiveness of ocean models in estimating surface wa-
ter SWI or integrating with groundwater models. Moreover,
these applications are often limited to specific coastal wa-
ter bodies, lacking full connectivity to larger-scale oceanic
forcings. Therefore, cross-scale simulations that seamlessly
integrate oceanic processes with local dynamics are needed.
Although recent efforts have advanced coastal resolution in
global (Mathis et al., 2022; Zhang et al., 2023) and regional
models (Ye et al., 2020; Cui et al., 2024) — including 10 km
grids for coastal biogeochemistry (Mathis et al., 2022) and
1-2km grids for tidal simulations (Zhang et al., 2023) — a
fully integrated modeling framework that explicitly repre-
sents shallow water systems and intertidal zones in simulat-
ing salinity dynamics remains lacking.

In addition to addressing the lack of modeling tools, de-
veloping this NAAC model is also crucial for bridging ob-
servational gaps. Over the past few decades, there has been
a significant accumulation of observational data, especially
for key physical parameters such as water elevation, salinity,
and temperature. However, these observations are unevenly
distributed, with some areas heavily monitored while others
lack observational coverage. For instance, Chesapeake Bay
has seen extensive salinity, temperature, and nutrient moni-
toring since the 1980s, with numerous stations covering its
main stem and tributaries, though the majority occur on a
bi-weekly basis. Conversely, Delaware Bay has a few up-
stream stations providing daily salinity data spanning over
five decades, while the remaining stations in the lower bay
have records of less than 20 years or even 8 years. Beyond
these two major estuaries, long-term monitoring of salin-
ity and other parameters in smaller embayment in the mid-
Atlantic region is even scarcer. Numerical model hindcasts
can serve as a valuable tool to fill these observational gaps
and can be further complemented by methodologies like re-
mote sensing.

In this manuscript, we introduce a modeling system based
on the SCHISM (Semi-implicit Cross-scale Hydroscience
Integrated System Model) framework that covers the Gulf of
Maine (GoME), the Mid-Atlantic Bight (MAB), and much
of the South-Atlantic Bight (SAB) along the North American
Atlantic Coast using unstructured grids. We have conducted
a 20-year simulation from 2001 to 2020, focusing on tidal el-
evation, salinity, temperature, and velocity simulations. Our
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ultimate goal is to develop a reliable database to support fu-
ture investigations, including SWI and other topics such as
coastal carbon cycling. The study area, observational data
used in this study, and model configuration are detailed in
the Methods section. The following section presents model
skill assessments. In the Discussion, we explore the implica-
tions for major water bodies, model uncertainties, and future
directions before concluding the study.

2 Methods
2.1 Study area

The model domain covers the GoME, the MAB, and much
of the SAB (Fig. 1). The GoME is a semi-enclosed body of
water, bordered to the south and east by underwater banks,
notably Georges Bank to the south. Along the GoME coast-
line are several estuaries, including the Bay of Fundy, Pas-
samaquoddy Bay, Penobscot Bay, and Massachusetts Bay.
The MAB is delineated from the GoME by Cape Cod
and includes key estuaries such as Long Island Sound,
Delaware Bay, and Chesapeake Bay. Long Island Sound,
which stretches approximately 180km, lies between Long
Island and Connecticut. It connects to the ocean through
the East River near New York City on its western end and
through a narrow channel between Orient Point and Fishers
Island on its eastern end. Outside of Long Island Sound, addi-
tional water bodies such as Great Peconic Bay, Little Peconic
Bay, Noyack Bay, Sag Harbor Bay, Gardiners Bay, and Na-
peague Bay are closely linked to Long Island. Further south,
Delaware Bay, a significant estuary bordered by New Jersey
and Delaware, lies along the New Jersey coast. Chesapeake
Bay is separated from Delaware Bay by the Delmarva Penin-
sula, though the two are connected via a canal. The division
between the MAB and SAB occurs at Cape Hatteras, cen-
trally located within the Albemarle-Pamlico Estuary System
(APES), a complex lagoon system fed by six river basins.
The coastline from Cape Fear to Cape Canaveral forms the
Georgia Bight.

The GoME shoreline is predominantly rocky and scenic,
shaped by glaciation (Uchupi and Bolmer, 2008). The cen-
tral basin of the GoME features undersea valleys reaching
depths of about 500 m, with an average depth of approx-
imately 150m (Uchupi and Bolmer, 2008). The MAB is
characterized by a broad continental shelf extending roughly
100 km offshore (McNinch, 2004). Depths in major estuaries
vary considerably: Long Island Sound has an average depth
of 20 m, Delaware Bay averages 8 m, and Chesapeake Bay
averages 6.5 m (Knebel et al., 1999; Dubois, 1988; Hobbs,
2004). The shoreline of Long Island Sound features a mix
of sandy beaches, rocky shores, tidal flats, and tidal marshes,
while the shores of Delaware Bay and Chesapeake Bay are
more dominated by extensive tidal marshes (Knebel et al.,
1999; Dubois, 1988; Hobbs, 2004). The SAB’s geological
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features include “erosion remnant islands”, “marsh islands”,
and “beach-ridge islands” (Zeigler, 1959). Within the APES,
average depths are about 4.5 m, ranging from 7.5m to less
than 2 m (Clunies et al., 2017).

The GoME is notable for having one of the highest tidal
amplitudes globally, exceeding 6 m (Ray, 2006). The GoME
watershed covers an area of 180 000 km?2, with the Saint John
and Penobscot Rivers being the largest contributors, dis-
charging 990 and 342m>s~! respectively (Huntington and
Billmire, 2014). On the ocean side, the Labrador Current
flows along the Scotian Shelf, and subpolar North Atlantic
waters mixed with eddies from the Gulf Stream enter through
the Northeast Channel (Seidov et al., 2021). The overall
circulation pattern in the GoME is counterclockwise, with
two major outflows passing through the Great South Chan-
nel and around Georges Bank (Seidov et al., 2021). Along
the MAB coast, the tidal range is generally less than 2m
(He et al., 2011). The Hudson River stream flow, along with
tidal forcing, predominantly controls the stratification at the
Hudson River Estuary (Ralston et al., 2008). The Delaware
River is the primary tributary of Delaware Bay, contributing
over 50 % of the freshwater inflow, which totals 371 m3 s~}
(Kauffman et al., 2011). Tidal forcing is the main driver of
circulation patterns in Delaware Bay. In Chesapeake Bay,
the Susquehanna River (1135 m?3s~1), followed by the Po-
tomac River (306 m3 s~1) and the James River (194 m3 s7h),
are the major freshwater sources, draining a watershed of
165759 km? across six states (Ator et al., 2020). Chesapeake
Bay also exhibits seasonal stratification due to its physical
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Figure 1. Study area along the North American Atlantic Coast. Scatters in (a), (f), (g) indicate the locations of monitoring stations from
which data were used in this study for the skill assessments of elevation, salinity, and temperature. Panels (b)—(e) present detailed close-up
views of specific areas denoted by orange boxes at (a) within the Gulf of Maine, Southern New England Coast, the South-Atlantic Bight, and
the Mid-Atlantic Bight, respectively.
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water characteristics (Murphy et al., 2011). In the SAB, the
tidal range varies, with only 0.6 m at Cape Fear but up to
3 m along the Georgia coast (Blanton et al., 2004). The Gulf
Stream flows through the Straits of Florida, follows the SAB
coastline, and then veers east near the APES (Andres, 2021).

2.2 Observations

We employed an extensive observational dataset to con-
duct the model skill assessments (Fig. 1). For water ele-
vation and current velocities, we primarily relied on tidal
gauge and current data from the NOAA Center for Op-
erational Oceanographic Products and Services (CO-OPS;
https://tidesandcurrents.noaa.gov/products.html, last access:
September 2024), metadata from the NOAA Integrated
Ocean Observing System (I0OS; https://sensors.ioos.us, last
access: September 2024), an hourly, 6km surface current
data from Coastal Ocean Dynamics Application Radar (CO-
DAR) SeaSonde HF radar system at the National Centers
for Environmental Information (NCEI, https://codar.com/
hf-radar-technology/, last access: October 2025). Specifi-
cally for estuaries with additional long-term monitoring, we
use long-term monitoring database from the Cheesecake Bay
Program (CBP; http://www.chesapeakebay.net/data, last ac-
cess: September 2024) for the Chesapeake Bay, high fre-
quency measurements from the USGS and relevant products
from the Delaware River Basin Commission (https://www.
nj.gov/drbc/, last access: September 2024) for the Delaware
Bay, and data from the Neuse River Estuary Modeling and
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Monitoring Project (ModMon; https://paerllab.web.unc.edu/
modmon/, last access: September 2024) for the APES. Addi-
tionally, long-term monitoring data from the National Estuar-
ine Research Reserve System (NERR; https://cdmo.baruch.
sc.edu/ags, last access: September 2024) were used to vali-
date creek and wetland simulations.

2.3 Model configuration

For this study, we utilized the SCHISM (v5.11.0) frame-
work, which is particularly well-suited for seamless cross-
scale modeling (Zhang et al., 2025). SCHISM is distin-
guished by its use of mixed triangular-quadrangular un-
structured horizontal grids and its flexible vertical grid co-
ordinate system, known as Localized Sigma Coordinates
with Shaved Cell (LSC2) (Zhang et al., 2015). This adapt-
ability in both horizontal and vertical grid configurations
make SCHISM especially effective in environments with
complex geometrical features, such as tidal wetlands and
tributaries. Additionally, SCHISM employs a semi-implicit
time-stepping scheme within a hybrid finite-element and
finite-volume framework to solve the Navier—Stokes equa-
tions (Zhang et al., 2016). Specifically, SCHISM utilizes an
Eulerian—Lagrangian Method (ELM) for momentum advec-
tion, which further alleviates numerical stability limitations
(Zhang et al., 2016). This numerical approach ensures sta-
bility and reliability, particularly under wetting and drying
conditions typical of tidal wetlands (Cai et al., 2022a, 2023).
Notably, the model’s scheme bypasses the constraints of the
Courant-Friedrichs-Lewy condition (Zhang et al., 2016), al-
lowing for the use of relatively large time steps even with
high-resolution grids that capture detailed geomorphic fea-
tures. This capability significantly improves numerical effi-
ciency and cost-effectiveness. Larger time steps can intro-
duce temporal truncation errors, though they also reduce nu-
merical diffusion in the ELM framework. To ensure a balance
between numerical accuracy and stability, we adopted a 150 s
time step that falls within validated range established through
previous successful applications of SCHISM in US East
Coast and global settings (Zhang et al., 2016; Ye et al., 2018,
2020; Cai et al., 2022b, 2023; Zhang et al., 2023). Overall,
SCHISM stands out as one of the few hydrodynamic models
ideally suited to our research purposes, which addresses the
intricate interplay between land and sea, marked by complex
geometrical and hydrodynamic processes.

The model’s resolution varies from 6.5 km in the coastal
ocean to 100 m in tidal wetlands (Cai et al., 2025a). The ver-
tical resolution ranges from up to 63 layers in the deep ocean
to a single layer in the wetlands, with an average of 23.6 lay-
ers over the entire domain. The extent of tidal marsh wetlands
is based on the CONUS tidal wetland cover maps (Yang et
al., 2022; Fig. 2c). Since the marsh upland migration over
the simulation period is generally smaller than the resolution
used in this study, we did not account for horizontal evolution
in the land boundary. In a simplified version of wetland trib-

Geosci. Model Dev., 18, 7435-7449, 2025

utary and creek coverage, the model consists of 983 607 total
elements and 540 895 nodes (Fig. 2b). When more details of
the wetland components are included, the total element count
increases to 1075 826, and the node count rises to 592 583
(Fig. 2c). Considering the additional computational cost of
incorporating tidal marsh coverage, we conducted a 20-year
simulation with simplified coverage of wetlands, focusing on
tributaries, and a single year (2003) with comprehensive tidal
marsh coverage for sensitivity analysis.

We refer to NOAA Continuously Updated Digital Eleva-
tion Model (CUDEM; https://www.ncei.noaa.gov/metadata/
geoportal/rest/metadata/item/gov.noaa.ngdc.mgg.dem:
999919/html, last access: September 2024) and
USGS Coastal National Elevation Database (CoNED;
https://www.usgs.gov/coastal-changes-and-impacts/coned,
last access: September 2024) for the bathymetry setup
(Fig. 1b—e). To drive the model, we incorporate river
discharge data from the National Water Model (NWM;
https://water.noaa.gov/about/nwm, last access: Septem-
ber 2024) for the US East Coast (Fig. 3). For the Canadian
regions, we utilize real-time hydrometric data (https:
/Iwateroffice.ec.gc.ca/map/index_e.html?type=real_time,
last access: September 2024). The ocean boundary con-
ditions are defined by the Hybrid Coordinate Ocean
Model (HYCOM; https://www.hycom.org, last access:
September 2024; Fig. 4); while the atmospheric forc-
ing is provided by the North American Regional Re-
analysis  (NARR; https://www.ncei.noaa.gov/products/
weather-climate-models/north-american-regional, last
access: September 2024; Fig. 5). HYCOM data is used
to initialize the model along the open ocean boundaries,
while the finer, landward water bodies are initialized with
reasonable constant values for each tracer (e.g., temperature
and salinity). The model is then spun up for three years to es-
tablish fully developed three-dimensional initial conditions
for the 20-year simulation period. This spin-up duration
accounts for the range of residence times within the system,
which can vary from a few days to several hundred days
across different water bodies.

3 Model skill assessments
3.1 Tidal elevations

We compare the eight tidal constituents (M2, S2, N2, K2,
K1, O1, P1, Q1) between the model simulations and NOAA
tidal gauge data (Fig. 6). Since the semi-diurnal M2 con-
stituent is the dominant component along the East Coast with
a higher amplitude, we specifically highlight its comparison
across stations from south to north for each year (e.g., year
2003 in Fig. 6a). The mean absolute error (MAE) for the M2
constituent across all stations is 0.11 m. For the other con-
stituents — Q1, O1, P1, K1, N2, S2, and K2 — the MAEs
are 0.003, 0.015, 0.006, 0.011, 0.021, 0.022, and 0.007 m, re-
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spectively. The correlation coefficient between observations
and model simulations is 0.83 for Q1, O1, P1, and K1, and
0.97 for N2, S2, and K2. Corresponding r2 values are 0.87
and 0.94, respectively, indicating strong statistical signifi-
cance. These performance metrics are slightly lower than re-
ported in previous studies using SCHISM, such as Cui et
al. (2024), likely due to the inclusion of shallow water sta-
tions, where uncertainties from factors like bathymetry and
local friction are more pronounced. Additionally, overesti-
mation in the GOME model tends to degrade the statistics.
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Despite this, the M2 amplitude remains highly consistent
across most of the domain, particularly in the focused MAB
study areas.

3.2 Salinity and temperature
Available data from various sources (Fig. 1) were utilized to
evaluate the model’s performance in simulating salinity and

temperature (Fig. 7). Both the Chesapeake Bay and Delaware
Bay exhibit comparable model skills for salinity, with root
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mean square deviations (RMSD) less than 0.15 PSU for the
main stem and 0.34 PSU for tributaries, normalized stan-
dard deviations (STD) below 1.08 PSU, and correlation co-
efficients (CC) larger than 0.95. Seasonal stratification, char-
acterized by differences between surface and bottom salin-
ity, is accurately represented in the Chesapeake Bay’s main
stem and major tributary channels (Fig. 8a and b). Shallow
water simulations at APES, validated by ModMon, demon-
strate slightly higher RMSD (0.38 PSU), a normalized STD
of 0.80PSU, and a CC of 0.82. The narrow salinity range
observed at many coastal IOOS stations (e.g., 30 to 36 PSU
in Fig. 8d) generally results in small RMSDs and STDs, en-
suring a reasonably high CC for temporal variations. How-
ever, NERR stations show lower model performance, with
an RMSD of 0.24 PSU, a normalized STD of 1.61 PSU, and
a CC of 0.89. These discrepancies may be attributed to po-
tential historical shifts in NERR station locations, introduc-
ing uncertainties in skill assessment. Additionally, the model

https://doi.org/10.5194/gmd-18-7435-2025

struggles to capture high-frequency salinity fluctuations over
tidal and diurnal cycles at NERR stations due to the lim-
ited resolution and absence of explicit representation of tidal
marsh creeks and wetlands in the base scenario. Despite these
challenges, the model reasonably captures the overall salinity
magnitude and temporal variations at certain NERR stations,
such as those in Narragansett Bay (Fig. 8c). Salinity sim-
ulation and modelled SWI distances in the Delaware Bay,
defined as the distance from the bay mouth to the location
where salinity drops below 0.5PSU, are validated against
salt front distance (similarly defined by DRBC) data from
DRBC (Fig. 9). Historical DRBC data are provided as 7 d av-
eraged daily records, which explains why SCHISM exhibits
higher variability at shorter timescales (Fig. 9a). Among the
salt front estimates from DRBC, the upper saltwater limit is
generally more reliable than the lower limit. This is because
DRBC estimates rely on interpolating distances between sev-
eral monitoring stations, and the lower limit often falls be-

Geosci. Model Dev., 18, 7435-7449, 2025
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which represents the lower boundary for SWI estimation by DRBC.

yond the monitored range, leading to noticeable underesti-
mations of salt front distance during periods of low intrusion
(Fig. 9a). SCHISM shows minimal bias in estimating the up-
per salt front limit, while tending to predict slightly shorter
seaward salt front distances for the lower limit (Fig. 9a).
To further validate this evaluation, direct comparison be-
tween salinity simulated by SCHISM and observations from
a USGS station — used as one of DRBC’s reference points for
salt front distance — shows strong agreement (Fig. 9b).

Geosci. Model Dev., 18, 7435-7449, 2025

The temperature time series in estuaries and coastal re-
gions show RMSD values below 0.13 °C across all areas,
with normalized STD ranging from 0.94 to 1.15°C and CC
exceeding 0.96 (Fig. 7). The largest spatial errors are mainly
concentrated in shallow tributaries, likely due to known over-
estimations of shortwave/longwave radiation and air temper-
ature in NARR. We plan to explore alternative atmospheric
forcing products (e.g., ERA1) in future versions of NAAC to
address this issue. In addition to the station-based time series,
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Figure 10. Daily averaged currents over Mid-Atlantic coast from (a) CODAR and (b) model on 30 July 2015.

we evaluated large-scale sea surface temperature by compar-
ing model simulations with the NOAA OI SST reanalysis
dataset (Fig. S5; https://psl.noaa.gov/data/gridded/data.noaa.
oisst.v2.highres.html, last access: August 2025). The com-
parison yielded an overall MAE of 0.55 °C and a RMSD of
1.09 °C across the overlapping ocean domain, demonstrat-
ing the model’s ability to capture basin-scale features such
as the Gulf Stream. This representation is further supported
by current simulations, which show a RMSD of 0.24ms!
for magnitude and 90.63° for direction when compared with
observations across the region (Fig. 10). Although the over-
all RMSD for current directions across the region is relatively
large, the directional RMSD at locations with velocities ex-
ceeding 1 ms~! is only 10.69°. However, the model domain
does not fully encompass the entire Gulf Stream pathway,
making the simulation highly dependent on the boundary
conditions provided (Fig. 4).

3.3 Current velocities

In large coastal ocean areas, daily-averaged surface currents
are compared with observations from CODAR (e.g., MAB at
Fig. 10). Overall, the model reproduces the surface circula-
tion but slightly underestimates the velocity magnitude near
APES. Given the fact that no data assimilation was used, the
model skill for the surface currents is generally acceptable.
We take available time series data from NOAA gauges over
Chesapeake Bay, Delaware Bay, and New York Bay for the
validation of current simulations (Fig. 11). At New York Bay,
the model tends to have slight phase shift but comparable
magnitude and temporal patterns. The model slightly over-
estimated or underestimated certain peak velocities at both
lower Chesapeake Bay and Delaware Bay. These bias pat-
terns are largely station-specific rather than temporally cor-
related. At Delaware Bay, the overestimation is more promi-
nent during ebb/flooding tides, whereas at New York Bay, the

https://doi.org/10.5194/gmd-18-7435-2025

model shows underestimation during similar periods. This
station-dependent bias likely reflects local bathymetric com-
plexities or grid resolution limitations, which we plan to im-
prove as needed in future model updates.

4 Discussion

4.1 Applications in major waterbodies along the North
American Atlantic Coast

While numerous observations have been made over the cen-
turies, significant gaps remain in many systems. The develop-
ment of this model offers a valuable database for addressing
these deficiencies. In cases with limited temporal and spatial
coverage, it is crucial to validate the model using available
data while bridging these gaps to support future research in
coastal studies. For scenarios requiring higher resolution to
capture finer details of localized processes, this model pro-
vides a solid foundation, potentially serving as an initial con-
dition or offering boundary forcings. Additionally, the fol-
lowing sections present sample applications related to SWI
and tidal fluxes in typical mid-Atlantic waterbodies. How-
ever, this manuscript does not delve deeply into these specific
topics. Instead, it aims to demonstrate examples and explore
the potential future applications of the developed model.

4.1.1 Estimation on saltwater intrusion and salt front
distances

Salinity observations are significantly less abundant com-
pared to measurements of temperature or water levels. For
instance, the NOAA CO-OPS database contains over two
decades and up to one century of water level data from more
than 50 stations along the East Coast, yet only a few sta-
tions provide salinity measurements, and these are for much
shorter durations. While the relatively small variability of

Geosci. Model Dev., 18, 7435-7449, 2025
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Atlantic coast.

salinity in ocean waters may explain its lower priority in
NOAA’s observational efforts, salinity data from USGS sta-
tions are also more limited compared to the measurements
of discharge. Consequently, the availability of salinity simu-
lations from this model, particularly in oligohaline, mesoha-
line, and polyhaline zones, offers valuable support for scien-
tific research and management practices.

One use of this model is to serve as an important sup-
plement for the monitoring and prediction of SWI in the
Delaware Bay and the surrounding Delmarva region, which
has been identified as highly vulnerable to SWI over recent
decades (Mondal et al., 2023). An accurate validation to the
upper stream USGS stations supports a reasonable capture of
the salt front distance as supported by the salt front estima-
tion data provided from DRBC (Fig. 9). Notably, SCHISM
can not only bridge the temporal gaps of observation but
also correct the salt front locations when the intrusion has
not reached the first USGS station, under which conditions
the estimated salt front distance from DRBC may tend to
be underestimated by interpolation constraints due to rela-
tively few observational stations. Importantly, we found the
salt front distance at the Delaware Bay and Chesapeake Bay
show significant correlation with r-square larger than 0.64
(Fig. 12). Given that the salt front distance is largely driven
by the freshwater discharge in estuaries (Ross et al., 2015),
and these two water bodies, along with other tributaries,
share a drainage source from the same second level hydro-
logical unit, this significant correlation is understandable.

Geosci. Model Dev., 18, 7435-7449, 2025

4.1.2 Water exchange between major estuaries and the
coastal Atlantic

Tidal flushing plays a key role in exchanging water between
coastal and estuarine zones, offering essential insights for
studies on processes like coastal carbon cycling (Sanford et
al., 1992; Najjar et al., 2018). However, observations are not
always available on large spatial and temporal scales. Here
we are showing an example of modeled tidal flow fluxes at
the gate or major inlets of the three significant waterbodies
at mid-Atlantic — Delaware Bay, Chesapeake Bay, and the
APES (Fig. 13). While the net fluxes are always associated
with the riverine discharge as denoted in Fig. 3, the flood
and ebb tidal fluxes have distinct patterns among these three
systems. Spring—neap tidal signals are most apparent at the
Delaware Bay mouth due to its larger tidal range, produc-
ing tidal fluxes roughly twice those of Chesapeake Bay and
16 times those of Hatteras Inlet. The relatively smaller river
discharge into Delaware Bay further reduces the influence of
riverine and wind-driven variability, allowing tidal signals to
dominate (Fig. 6a).

The disturbances caused by numerous hurricanes are
clearly noticeable at the Hatteras Inlet, while at Delaware
Bay, also these disturbances are still visible but dwarfed by
the generally large tidal range (Fig. 13a and c). However,
we could still notice occasions such as Hurricane Irene in
2012 lead to an abnormal high-net flow in September com-
pared to other periods in those two decades (Fig. 13). The
in/out fluxes at Hatteras show relatively less structures from
tide than the other two bays; instead, wind forcings might
be dominant at this low-tidal range (e.g., < 0.8 m) location
(Fig. 13). In summary, the hurricane disturbance can be seen

https://doi.org/10.5194/gmd-18-7435-2025
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Figure 12. Simulated saltwater intrusion distance in the Chesapeake and Delaware Bays, presented as (a) a normalized view and (b) corre-
lation analysis.
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Figure 14. Salinity simulations with and without extended tidal
wetland coverage versus observed data at the NEER station
(jacb9wq).

in flux directions, depending on the wind directions, track,
and precipitation conditions.

4.2 Resolving tidal wetlands and their connectivity to
shelf-scale processes

In this model development practice, we conducted a one-year
simulation of an entire coverage of wetlands for a sensitiv-
ity test on this regional-scale model. The model results show
that including tidal wetlands has minor impacts on the model
skills in the physical variables away from the wetlands. In
certain areas, especially for regions with complex geome-
try of tidal creeks and tidal marshes, such as near some of
the NERR stations, including the wetland helps local simula-
tions (Fig. 14). However, given the relatively small widths of
the tidal creeks, an effective incorporation of a comprehen-
sive wetland details will significantly increase the model grid
size and therefore computational costs (Cai et al., 2023). To
explicitly include the impacts of the wetlands on coastal pro-
cesses, the model resolution at these areas needs to decrease
to at least 50 m and even be less than 10 m for some essential
creeks. In addition, the local bathymetry of the creeks needs
to be fully resolved, and the varying drag force from the
vegetation at the marsh platform from at the non-vegetated
creeks need to be distinguished (Cai et al., 2022a). For the
future directions, improvement in bathymetry from sources
with an even more realistic Digital Elevation Model (DEM)
could be very helpful in the simulations. We could further
incorporate other ocean boundary and atmospheric forcing
sources in further evaluation. Furthermore, a two-way cou-
pling of ocean model and regional-scale coastal groundwater
could be considered to incorporating the roles of submarine
groundwater discharge on the costal processes.

To investigate the connectivity between tidal wetlands and
the shelf, we conducted an idealized one-year numerical ex-
periment in which a passive conservative tracer was contin-
uously released from the Plum Island Estuary (PIE) — the
largest tidal marsh system along the New England coast.
The resulting tracer distributions (Fig. 15) reveal progres-
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sive offshore and along-shelf transport of marsh-sourced ma-
terial over time. Initially concentrated near the estuary, the
tracer gradually spreads southward and offshore, with signifi-
cant accumulation along the southern Maine coast and within
semi-enclosed shelf regions such as Georges Bank, South-
ern New England Shelf, and the Mid-Atlantic Bight. This
evolving pattern underscores the dominant role of large-scale
shelf processes — including the cyclonic Georges Bank Gyre,
the northeastward Gulf Stream along the shelf break, and the
southwestward Shelfbreak Jet near the inner shelf — in shap-
ing cross-shelf exchange and material retention. While this
idealized tracer experiment cannot be directly validated due
to the absence of long-term tracer observations sourced from
coastal wetlands, the modeled pathways align qualitatively
with known circulation structures and transport trends from
prior regional studies. The simulation serves as a useful ex-
ploratory tool for illustrating how signals from coastal wet-
lands can be redistributed over broad spatial scales by shelf
dynamics, reinforcing the importance of capturing these in-
teractions in cross-scale modeling frameworks.

5 Conclusions

In this study, we developed a 3D unstructured-grid model
NAAC for the North American Atlantic Coast, encompass-
ing the GoME, the MAB, and much of the SAB. This
model, based on the SCHISM (v5.11.0) framework, pro-
vides a seamless cross-scale simulation extending from the
coastal ocean to tidal wetlands, allowing for the representa-
tion of fine-scale hydrodynamic and salinity dynamics over a
two-decade period (2001-2020). Through extensive valida-
tion against observational datasets, the model demonstrated
strong performance in simulating key physical variables such
as tidal elevation, salinity, and temperature. One of the key
contributions of this work is the integration of shallow water
systems and intertidal zones within a regional-scale model,
addressing long-standing gaps in hydrodynamic connectiv-
ity along the Atlantic Coast. Our results highlight signifi-
cant correlations in saltwater intrusion patterns between ma-
jor estuaries, suggesting common hydrological drivers at a
broader scale. The model also captures the complex tidal ex-
change processes that govern estuarine circulation, making
it a valuable tool for future studies on coastal carbon cy-
cling, biogeochemical transport, and climate-driven changes
in coastal hydrodynamics. Overall, NAAC represents a sig-
nificant step forward in coastal ocean modeling, offering a
foundation for future applications in coastal hydrodynam-
ics, ecosystem studies, and climate resilience planning. The
availability of this dataset will support interdisciplinary re-
search and inform management strategies aimed at mitigat-
ing the impacts of saltwater intrusion and sea-level rise on
coastal ecosystems.
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Figure 15. Log-scale plot showing the distribution of a passive tracer released continuously from a constant source of wetlands at Plum

Island Estuary.
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https://doi.org/10.5281/zenodo.14834163 (Zhang et al., 2025). The
3D model setup and scripts for analysis and plotting can be found
at https://doi.org/10.5281/zenodo.16787106 (Cai et al., 2025a).

Data availability. All observation datasets used in this pa-
per are publicly downloadable from the following websites:
(1) https://tidesandcurrents.noaa.gov/products.html (last access:
September 2024), (2) https://sensors.ioos.us (last access: Septem-
ber 2024), (3) https://codar.com/hf-radar-technology/ (last access:
October 2025), (4) http://www.chesapeakebay.net/data (last ac-
cess: September 2024), (5) https://www.nj.gov/drbe/ (last access:
September 2024), (6) https://paerllab.web.unc.edu/modmon/ (last
access: September 2024), and (7) https://cdmo.baruch.sc.edu/ags
(last access: September 2024). The model outputs used for evalua-
tion are available at https://doi.org/10.5281/zenodo.16787120 (Cai
et al., 2025b).

Supplement. The supplement related to this article is available on-
line at https://doi.org/10.5194/gmd-18-7435-2025-supplement.

Author contributions. XC and QQ initiated the study. XC, LC, and
YZ worked on the model setup and forcing files. XC, LC, and
QQ collected the observation data and did the model skill assess-
ments. XY assessed the Atlantic Coast tidal marsh boundary from
satellite data to incorporate into the model domain. XC, QQ, and
JS worked on the interpretation of the results. XC and QQ draft the
initial manuscript. All authors contributed to the writing and revis-
ing of the paper.

https://doi.org/10.5194/gmd-18-7435-2025

Competing interests. The contact author has declared that none of
the authors has any competing interests.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. While Copernicus Publications makes ev-
ery effort to include appropriate place names, the final responsibility
lies with the authors. Also, please note that this paper has not re-
ceived English language copy-editing. Views expressed in the text
are those of the authors and do not necessarily reflect the views of
the publisher.

Acknowledgements. This research was supported by an NSF OCE-
PRF fellowship (grant no. 2403359). Simulations presented in this
paper were conducted using Sciclone at William & Mary and Grace
at Yale University.

Financial support. This research has been supported by the Divi-
sion of Ocean Sciences (grant no. 2403359).

Review statement. This paper was edited by Andrew Yool and re-
viewed by three anonymous referees.

Geosci. Model Dev., 18, 7435-7449, 2025


https://doi.org/10.5281/zenodo.14834163
https://doi.org/10.5281/zenodo.16787106
https://tidesandcurrents.noaa.gov/products.html
https://sensors.ioos.us
https://codar.com/hf-radar-technology/
http://www.chesapeakebay.net/data
https://www.nj.gov/drbc/
https://paerllab.web.unc.edu/modmon/
https://cdmo.baruch.sc.edu/aqs
https://doi.org/10.5281/zenodo.16787120
https://doi.org/10.5194/gmd-18-7435-2025-supplement

7448 X. Cai et al.: NAAC (v1.0): a seamless two-decade cross-scale simulation from the North American Atlantic

References

Andres, M.: Spatial and temporal variability of the Gulf Stream near
Cape Hatteras, J. Geophys. Res.-Oceans, 126, ¢2021JC017579,
https://doi.org/10.1029/2021JC017579, 2021.

Ator, S. W., Blomquist, J. D., Webber, J. S., and Chanat,
J. G.: Factors driving nutrient trends in streams of the
Chesapeake Bay watershed, Environ. Qual., 49, 812-834,
https://doi.org/10.1002/jeq2.20101, 2020.

Barlow, P. M. and Reichard, E. G.: Saltwater intrusion in
coastal regions of North America, Hydrogeol. J., 18, 247-260,
https://doi.org/10.1007/s10040-009-0514-3, 2010.

Blanton, B. O., Werner, F. E., Seim, H. E., Luettich Jr, R. A.,
Lynch, D. R., Smith, K. W., and Way, E.: Barotropic tides
in the South Atlantic Bight, J. Geophys. Res.-Oceans, 109,
https://doi.org/10.1016/j.ocemod.2017.09.002, 2004.

Cai, X., Qin, Q., Shen, J., and Zhang, Y. J.: Bifurcate
responses of tidal range to sea-level rise in estuaries
with marsh evolution, Limnol. Oceanogr. Lett., 7, 210-217,
https://doi.org/10.1002/1012.10256, 2022a.

Cai, X., Zhang, Y. J., Shen, J., Wang, H., Wang, Z., Qin, Q., and
Ye, F.: A numerical study of hypoxia in Chesapeake Bay us-
ing an unstructured grid model: Validation and sensitivity to
bathymetry representation, J. Am. Water Resour. Assoc., 58,
898-921, https://doi.org/10.1111/1752-1688.12887, 2022b.

Cai, X., Shen, J., Zhang, Y. J., Qin, Q., and Linker, L.: The
roles of tidal marshes in the estuarine biochemical processes:
A numerical modeling study, J. Geophys. Res.-Biogeo., 128,
€2022JG007066, https://doi.org/10.1029/2022JG007066, 2023.

Cai, X., Qin, Q., Cui, L., Yang, X., Shen, J.,, and Zhang,
Y. J: A Seamless Cross-Scale Simulation from the
North Atlantic Coast to Tidal Wetlands, Zenodo [code],
https://doi.org/10.5281/zenodo.16787106, 2025a.

Cai, X., Qin, Q., Cui, L., Yang, X., Shen, J., and Zhang, Y. J.:
NAAC (v1.0): A Seamless Two-Decade Cross-Scale Simulation
from the North American Atlantic Coast to Tidal Wetlands Us-
ing the 3D Unstructured-grid Model SCHISM (v5.11.0), Zenodo
[data set], https://doi.org/10.5281/zenodo.16787120, 2025b.

Chen, C., Huang, H., Beardsley, R. C., Xu, Q., Limeburner,
R., Cowles, G. W, Sun, Y, Qi, J., and Lin, H.: Tidal
dynamics in the Gulf of Maine and New England Shelf:
An application of FVCOM, J. Geophys. Res.-Oceans, 116,
https://doi.org/10.1029/2011JC007054, 2011.

Chen, J.-L., Ralston, D. K., Geyer, W. R., Sommerfield,
C. K., and Chant, R. J.: Wave generation, dissipa-
tion, and disequilibrium in an embayment with complex
bathymetry, J. Geophys. Res.-Oceans, 123, 7856-7876,
https://doi.org/10.1029/2018JC014381, 2018.

Clunies, G. J., Mulligan, R. P., Mallinson, D. J., and Walsh, J. P.:
Modeling hydrodynamics of large lagoons: Insights from the
Albemarle-Pamlico Estuarine System, Estuar. Coast. Shelf Sci.,
189, 90-103, https://doi.org/10.1016/j.ecss.2017.03.012, 2017.

Cui, L., Ye, F, Zhang, Y. J., Yu, H., Wang, Z., Moghimi, S., Seroka,
G., Riley, J., Pe’eri, S., Mani, S., and Myers, E.: Total water level
prediction at continental scale: Coastal ocean, Ocean Model.,
192, 102451, https://doi.org/10.1016/j.ocemod.2024.102451,
2024.

Dubois, R. N.: Seasonal changes in beach topography
and beach volume Delaware, Mar. Geol.,, 81, 79-96,
https://doi.org/10.1016/0025-3227(88)90019-9, 1988.

Geosci. Model Dev., 18, 7435-7449, 2025

He, R., Chen, K., Fennel, K., Gawarkiewicz, G. G., and
McGillicuddy Jr., D. J.: Seasonal and interannual variability
of physical and biological dynamics at the shelfbreak front of
the Middle Atlantic Bight: nutrient supply mechanisms, Bio-
geosciences, 8, 2935-2946, https://doi.org/10.5194/bg-8-2935-
2011, 2011.

Heiss, J. W. and Michael, H. A.. Saltwater-freshwater mix-
ing dynamics in a sandy beach aquifer over tidal, spring-
neap, and seasonal cycles, Water Resour. Res., 50, 6747-6766,
https://doi.org/10.1002/2014WR015574, 2014.

Hobbs 1III, C. H.: Geological history
Bay, USA, Quaternary Sci. Rev., 23,
https://doi.org/10.1016/j.quascirev.2003.08.003, 2004.

Hofmann, E. E., Druon, J.-N., Fennel, K., Friedrichs, M., Haidvo-
gel, D., Lee, C., Mannino, A., McClain, C., Najjar, R., Siewert, J.,
O’Reilly, J., Pollard, D., Previdi, M., Seitzinger, S., Signorini, S.,
and Wilkin, J.: Eastern U.S. Continental Shelf Carbon Budget:
Integrating Models, Data Assimilation, and Analysis, Oceanog-
raphy, 21, 86-104, https://doi.org/10.5670/oceanog.2008.70,
2008.

Huntington, T. G. and Billmire, M.: Trends in precipitation,
runoff, and evapotranspiration for rivers draining to the Gulf
of Maine in the United States, J. Hydrometeorol., 15, 726-743,
https://doi.org/10.1175/JHM-D-13-018.1, 2014.

Kauffman, G. J., Homsey, A. R., Belden, A. C., and Sanchez, J.
R.: Water quality trends in the Delaware River Basin (USA)
from 1980 to 2005, Environ. Monit. Assess., 177, 193-225,
https://doi.org/10.1007/s10661-010-1628-8, 2011.

Knebel, H. J., Signell, R. P, Rendigs, R. R., Poppe, L. J.,
and List, J. H.: Seafloor environments in the Long Is-
land Sound estuarine system, Mar. Geol., 155, 277-318,
https://doi.org/10.1016/S0025-3227(98)00129-7, 1999.

Li, D., Wang, Z., Xue, H., Thomas, A. C., and Etter, R.
J.: Wind-Modulated Western Maine Coastal Current and
Its Connectivity With the Eastern Maine Coastal Cur-
rent, J. Geophys. Res.-Oceans, 127, €2022JC018469,
https://doi.org/10.1029/2022JC018469, 2022.

Li, M., Zhong, L., and Boicourt, W. C.: Simulations of Chesa-
peake Bay estuary: Sensitivity to turbulence mixing parameter-
izations and comparison with observations, J. Geophys. Res.-
Oceans, 110, https://doi.org/10.1029/2004JC002585, 2005.

Liu, J., Hetland, R., Yang, Z., Wang, T., and Sun, N.: Response of
salt intrusion in a tidal estuary to regional climatic forcing, Envi-
ron. Res. Lett., https://doi.org/10.1088/1748-9326/ad4fal, 2024.

Lépez, A. G., Wilkin, J. L., and Levin, J. C.: Doppio — a ROMS
(v3.6)-based circulation model for the Mid-Atlantic Bight and
Gulf of Maine: configuration and comparison to integrated
coastal observing network observations, Geosci. Model Dev., 13,
3709-3729, https://doi.org/10.5194/gmd-13-3709-2020, 2020.

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 ma-
rine carbon cycle modeling, J. Adv. Model. Earth Syst.,
14, e2021MS002789, https://doi.org/10.1029/2021MS002789,
2022.

McNinch, J. E.: Geologic control in the nearshore: shore-
oblique sandbars and shoreline erosional hotspots,
Mid-Atlantic Bight, USA, Mar. Geol.,, 211, 121-141,
https://doi.org/10.1016/j.margeo.2004.07.006, 2004.

of Chesapeake
641-661,

https://doi.org/10.5194/gmd-18-7435-2025


https://doi.org/10.1029/2021JC017579
https://doi.org/10.1002/jeq2.20101
https://doi.org/10.1007/s10040-009-0514-3
https://doi.org/10.1016/j.ocemod.2017.09.002
https://doi.org/10.1002/lol2.10256
https://doi.org/10.1111/1752-1688.12887
https://doi.org/10.1029/2022JG007066
https://doi.org/10.5281/zenodo.16787106
https://doi.org/10.5281/zenodo.16787120
https://doi.org/10.1029/2011JC007054
https://doi.org/10.1029/2018JC014381
https://doi.org/10.1016/j.ecss.2017.03.012
https://doi.org/10.1016/j.ocemod.2024.102451
https://doi.org/10.1016/0025-3227(88)90019-9
https://doi.org/10.5194/bg-8-2935-2011
https://doi.org/10.5194/bg-8-2935-2011
https://doi.org/10.1002/2014WR015574
https://doi.org/10.1016/j.quascirev.2003.08.003
https://doi.org/10.5670/oceanog.2008.70
https://doi.org/10.1175/JHM-D-13-018.1
https://doi.org/10.1007/s10661-010-1628-8
https://doi.org/10.1016/S0025-3227(98)00129-7
https://doi.org/10.1029/2022JC018469
https://doi.org/10.1029/2004JC002585
https://doi.org/10.1088/1748-9326/ad4fa1
https://doi.org/10.5194/gmd-13-3709-2020
https://doi.org/10.1029/2021MS002789
https://doi.org/10.1016/j.margeo.2004.07.006

X. Cai et al.: NAAC (v1.0): a seamless two-decade cross-scale simulation from the North American Atlantic 7449

Mondal, P., Walter, M., Miller, J., Epanchin-Niell, R., Gedan, K.,
Yawatkar, V., Nguyen, E., and Tully, K. L.: The spread and cost
of saltwater intrusion in the US Mid-Atlantic, Nat. Sustain., 6,
1352-1362, https://doi.org/10.1038/s41893-023-01186-6, 2023.

Murphy, R. R., Kemp, W. M. and Ball, W. P. Long-
term trends in Chesapeake Bay seasonal hypoxia, stratifica-
tion, and nutrient loading, Estuar. Coasts, 34, 1293-1309,
https://doi.org/10.1007/s12237-011-9413-7, 2011.

Najjar, R. G., Herrmann, M., Alexander, R., Boyer, E. W., Bur-
dige, D. J., Butman, D., Cai, W.-J., Canuel, E. A, Chen, R. F,,
Friedrichs, M. A. M., Feagin, R. A., Griffith, P. C., Hinson, A.
L., Holmquist, J. R., Hu, X., Kemp, W. M., Kroeger, K. D., Man-
nino, A., McCallister, S. L., McGillis, W. R., Mulholland, M.
R., Pilskaln, C. H., Salisbury, J., Signorini, S. R., St-Laurent, P.,
Tian, H., Tzortziou, M., Vlahos, P., Wang, Z. A., and Zimmer-
man, R. C.: Carbon budget of tidal wetlands, estuaries, and shelf
waters of Eastern North America, Global Biogeochem. Cy., 32,
389416, https://doi.org/10.1002/2017GB005790, 2018.

Paldor, A. and Michael, H. A.: Storm surges cause simultane-
ous salinization and freshening of coastal aquifers, exacerbated
by climate change, Water Resour. Res., 57, €2020WR029213,
https://doi.org/10.1029/2020WR029213, 2021.

Ralston, D. K., Geyer, W. R., and Lerczak, J. A.: Subti-
dal salinity and velocity in the Hudson River estuary: Ob-
servations and modeling, J. Phys. Oceanogr., 38, 753-770,
https://doi.org/10.1175/2007JPO3808.1, 2008.

Ray, R. D.: Secular changes of the M2 tide in the
Gulf of Maine, Cont. Shelf Res., 26, 422-427,
https://doi.org/10.1016/j.csr.2005.12.005, 2006.

Ross, A. C., Najjar, R. G., Li, M., Mann, M. E., Ford, S. E., and
Katz, B.: Sea-level rise and other influences on decadal-scale
salinity variability in a coastal plain estuary, Estuar. Coast. Shelf
Sci., 157, 79-92, https://doi.org/10.1016/j.ecss.2015.01.022,
2015.

Sanford, L. P, Boicourt, W. C., and Rives, S. R.: Model
for estimating tidal flushing of small embayments,
J. Waterway Port Coast. Ocean Eng., 118, 635-654,
https://doi.org/10.1061/(ASCE)0733-950X(1992)118:6(635),
1992.

Seidov, D., Mishonov, A., and Parsons, R.: Recent warming and
decadal variability of Gulf of Maine and Slope Water, Limnol.
Oceanogr., 66, 3472-3488, https://doi.org/10.1002/Ino.11892,
2021.

Tian, R., Cai, X., Testa, J. M., Brady, D. C., Cerco, C.
F, and Linker, L. C.: Simulation of high-frequency dis-
solved oxygen dynamics in a shallow estuary, the Cor-
sica River, Chesapeake Bay, Front. Mar. Sci., 9, 1058839,
https://doi.org/10.3389/fmars.2022.1058839, 2022.

Uchupi, E. and Bolmer, S. T..: Geologic evolution of
the Gulf of Maine region, Earth-Sci. Rev., 91, 27-76,
https://doi.org/10.1016/j.earscirev.2008.09.002, 2008.

Warner, J. C., Armstrong, B., He, R., and Zambon, J. B.: Devel-
opment of a coupled ocean—atmosphere—wave—sediment trans-
port (COAWST) modeling system, Ocean Model., 35, 230-244,
https://doi.org/10.1016/j.0cemod.2010.07.010, 2010.

https://doi.org/10.5194/gmd-18-7435-2025

Werner, A. D., Bakker, M., Post, V. E., Vandenbohede, A., Lu, C.,
Ataie-Ashtiani, B., Simmons, C. T., and Barry, D. A.: Seawa-
ter intrusion processes, investigation, and management: Recent
advances and future challenges, Adv. Water Resour., 51, 3-26,
https://doi.org/10.1016/j.advwatres.2012.03.004, 2013.

Xia, M., Xie, L., and Pietrafesa, L. J.: Modeling of the
Cape Fear River estuary plume, Estuar. Coasts, 30, 698709,
https://doi.org/10.1007/BF02841966, 2007.

Xue, P., Chen, C., Ding, P, Beardsley, R. C., Lin, H., Ge, J.,
and Kong, Y.: Saltwater intrusion into the Changjiang River: A
model-guided mechanism study, J. Geophys. Res.-Oceans, 114,
https://doi.org/10.1029/2008JC004831, 2009.

Xue, Z., He, R., Liu, J. P., and Warner, J. C.: Modeling transport and
deposition of the Mekong River sediment, Cont. Shelf Res., 37,
6678, https://doi.org/10.1016/j.csr.2012.02.010, 2012.

Yang, X., Zhu, Z., Qiu, S., Kroeger, K. D., Zhu, Z., and
Covington, S.: Detection and characterization of coastal
tidal wetland change in the northeastern US using Land-
sat time series, Remote Sens. Environ., 276, 113047,
https://doi.org/10.1016/j.rse.2022.113047, 2022.

Ye, F., Zhang, Y. J., Wang, H. V., Friedrichs, M. A., Irby, L. D.,
Alteljevich, E., Valle-Levinson, A., Wang, Z., Huang, H., Shen,
J., and Du, J.: A 3D unstructured-grid model for Chesapeake
Bay: Importance of bathymetry, Ocean Model., 127, 16-39,
https://doi.org/10.1016/j.ocemod.2018.05.002, 2018.

Ye, F, Zhang, Y. J., Yu, H., Sun, W., Moghimi, S., My-
ers, E., Nunez, K., Zhang, R., Wang, H. V., Roland,
A., and Martins, K.: Simulating storm surge and com-
pound flooding events with a creek-to-ocean model: Im-
portance of baroclinic effects, Ocean Model., 145, 101526,
https://doi.org/10.1016/j.ocemod.2019.101526, 2020.

Zhang, Y., Svyatsky, D., Rowland, J. C., Moulton, J. D., Cao, Z.,
Wolfram, P. J., Xu, C., and Pasqualini, D.: Impact of coastal
marsh eco-geomorphologic change on saltwater intrusion under
future sea level rise, Water Resour. Res., 58, e2021WR030333,
https://doi.org/10.1029/2021WR030333, 2022.

Zhang, Y. J., Ateljevich, E., Yu, H. C, Wu, C. H, and
Jason, C. S.: A new vertical coordinate system for a
3D unstructured-grid model, Ocean Model., 85, 16-31,
https://doi.org/10.1016/j.ocemod.2014.10.003, 2015.

Zhang, Y. J., Ye, E, Stanev, E. V., and Grashorn, S.: Seamless
cross-scale modeling with SCHISM, Ocean Model., 102, 6481,
https://doi.org/10.1016/j.ocemod.2016.05.002, 2016.

Zhang, Y. J., Fernandez-Montblanc, T., Pringle, W., Yu, H. C.,
Cui, L., and Moghimi, S.: Global seamless tidal simulation us-
ing a 3D unstructured-grid model (SCHISM v5.10.0), Geosci.
Model Dev., 16, 2565-2581, https://doi.org/10.5194/gmd-16-
2565-2023, 2023.

Zhang, Y. J., Ye, F., wzhengui, Lemmen, C., Cai, N., Khan,
J. U, Wang, Q., cuill, Calzada, J. R., Yu, D., Velissar-
iou, P, Nam, K., cseaton, Mentaschi, L., Turungoglu, U.,
Wyrwa, J., Breyiannis, G., qiangshu, lllavaud, ..., and Sandhu,
N.: schism-dev/schism: v5.11.0 (v5.11.0), Zenodo [code],
https://doi.org/10.5281/zenodo.14834163, 2025.

Geosci. Model Dev., 18, 7435-7449, 2025


https://doi.org/10.1038/s41893-023-01186-6
https://doi.org/10.1007/s12237-011-9413-7
https://doi.org/10.1002/2017GB005790
https://doi.org/10.1029/2020WR029213
https://doi.org/10.1175/2007JPO3808.1
https://doi.org/10.1016/j.csr.2005.12.005
https://doi.org/10.1016/j.ecss.2015.01.022
https://doi.org/10.1061/(ASCE)0733-950X(1992)118:6(635)
https://doi.org/10.1002/lno.11892
https://doi.org/10.3389/fmars.2022.1058839
https://doi.org/10.1016/j.earscirev.2008.09.002
https://doi.org/10.1016/j.ocemod.2010.07.010
https://doi.org/10.1016/j.advwatres.2012.03.004
https://doi.org/10.1007/BF02841966
https://doi.org/10.1029/2008JC004831
https://doi.org/10.1016/j.csr.2012.02.010
https://doi.org/10.1016/j.rse.2022.113047
https://doi.org/10.1016/j.ocemod.2018.05.002
https://doi.org/10.1016/j.ocemod.2019.101526
https://doi.org/10.1029/2021WR030333
https://doi.org/10.1016/j.ocemod.2014.10.003
https://doi.org/10.1016/j.ocemod.2016.05.002
https://doi.org/10.5194/gmd-16-2565-2023
https://doi.org/10.5194/gmd-16-2565-2023
https://doi.org/10.5281/zenodo.14834163

	Abstract
	Introduction
	Methods
	Study area
	Observations
	Model configuration

	Model skill assessments
	Tidal elevations
	Salinity and temperature
	Current velocities

	Discussion
	Applications in major waterbodies along the North American Atlantic Coast
	Estimation on saltwater intrusion and salt front distances
	Water exchange between major estuaries and the coastal Atlantic

	Resolving tidal wetlands and their connectivity to shelf-scale processes

	Conclusions
	Code availability
	Data availability
	Supplement
	Author contributions
	Competing interests
	Disclaimer
	Acknowledgements
	Financial support
	Review statement
	References

