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Exploring Estuarine Sea Level Fluctuations and Dynamics 
Using the Surface Water and Ocean Topography (SWOT) 

Mission: Resolving Estuaries

The SWOT mission provides unprecedented, 
high-resolution observations of Earth’s surface 
waters. In coastal regions, high-rate data enable 
even finer spatial resolution than over the open 
ocean. To assess the spectrum of estuarine 
dynamical scales observable by SWOT, we examine 
a range of estuarine systems represented by 6 
diverse locations with differing sizes, geometries, 
and dominant forcings.

Background

SWOT Product Comparison

Delaware Bay represents the simplest estuarine 
scale resolvable by SWOT—small enough to be 
captured within a single pass, yet large enough to 
be represented in global tide models. We validated 
SWOT water level measurements in Delaware Bay 
using in situ observations.

     Both L2 and L3 low-rate SWOT products report 
SSHA. These were compared to the anomalies 
reported by NOAA using the nontidal residual:

WSE and SSHA Validation
• L3 LR 250 m: Limited inland coverage (missing 

~30% of the Salish Sea; partial coverage in San 
Francisco and Delaware Bays); exhibits 
unphysical features and questionable tide 
corrections in small estuaries.

• L2 LR 2 km: Too coarse to resolve smaller 
estuaries (e.g., San Diego Bay).

• L2 HR: Requires smoothing to reduce noise.
• Validation (Delaware Bay): RMSE increases with 

distance from the estuary mouth for all data 
products: 0.1–1.0 m (L2_HR_Raster), 0.08–0.8 m 
(L2_LR_SSH), and 0.05 m (L3_LR_SSH, limited 
coverage). Reported literature values are similar: 
0.06–0.15 m for L3 [1, 2] and ~0.14 m for L2 HR 
[3].

• Despite noise, L2 HR offers the most complete 
and reliable coverage across target estuaries.

Conclusions

• Improve tidal corrections: Assess and improve 
SWOT tidal corrections and mean sea 
surface/mean dynamic topography using in situ 
measurements and regional models.

• Analyze estuarine-ocean connectivity: Track 
propagation of tidal and subtidal sea level signals 
(including storms, ENSO/PDO, seasonal 
variability, and wind-driven setup) from the 
ocean into estuaries.

• Assess estuarine dynamics: Characterize the 
spatial and temporal scales of estuarine 
processes detectable by SWOT.

• Synthesize across systems: Compare multiple 
estuaries to define the global utility of SWOT 
data for studying estuarine dynamics.

Future Research

The WSE from the L2 HR SWOT products refers to 
the elevation of the water surface relative to the 
mean-tide EGM2008 geoid after removing earth 
tides. To compare to the L3 LR 250 m product, we 
used TWL, the total water level above the ellipse 
with no ocean tide or atmospheric corrections:
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Figure 3: Map of WSE in Delaware Bay on 15 
January 2025 using L2_HR_Raster data. The 

location of 3 NOAA tide gauges used to validate 
measurements are shown.

Figure 1: Map of target estuaries.

Figure 4: Comparison of SWOT data with three 
tide gauges over seven months. Each subplot 

shows: top – WSE, middle – offset, bottom – LR 
data versus NOAA predicted nontidal residuals. 

Colors indicate the data product.

(L2 HR) 𝑻𝑾𝑳 = 𝑾𝑺𝑬 + 𝒈𝒆𝒐𝒊𝒅

(L2 LR) 𝑻𝑾𝑳 = 𝒔𝒔𝒉 −  𝒔𝒐𝒍𝒊𝒅_𝒆𝒂𝒓𝒕𝒉_𝒕𝒊𝒅𝒆
− 𝒍𝒐𝒂𝒅_𝒕𝒊𝒅𝒆 −  𝒑𝒐𝒍𝒆_𝒕𝒊𝒅𝒆

(L3 LR) 𝑻𝑾𝑳 = 𝒔𝒔𝒉𝒂 + 𝒐𝒄𝒆𝒂𝒏_𝒕𝒊𝒅𝒆 +
 𝒊𝒏𝒕𝒆𝒓𝒏𝒂𝒍_𝒕𝒊𝒅𝒆 + 𝒅𝒂𝒄 + 𝒎𝒔𝒔

(SWOT) 𝒏𝒐𝒏𝒕𝒊𝒅𝒂𝒍 𝒓𝒆𝒔𝒊𝒅𝒖𝒂𝒍 = 𝒔𝒔𝒉𝒂 + 𝒅𝒂𝒄

(NOAA) 𝒏𝒐𝒏𝒕𝒊𝒅𝒂𝒍 𝒓𝒆𝒔𝒊𝒅𝒖𝒂𝒍 = 𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅 −
𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒆𝒅

Table 1: Target estuaries and their attributes.

Figure 5: Snapshot of WSE for all target estuaries 
using L2_HR_Raster data. A 20 km scale bar is 

shown as a thick black line. The separation 
between the 2 passes used to cover the Salish Sea 

is shown as a dashed line.
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Figure 2: Data Product comparison for San Francisco 
Bay,  cycle 15, pass 580 (top) and San Diego Bay,  

cycle 16, pass 233 (bottom). Pitfalls of the L3 
product are boxed. A 20 km scale bar is included as 

a reference on L2_HR_Raster for both.
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