
Submesoscale variability in upper ocean waters in the Northern Gulf of Alaska

 

Horizontal density fronts and instabilities can be sites of high 

biological productivity and accumulated biomass and contribute to 

biological patchiness observed in some continental shelf regions1. In the 

Northern Gulf of Alaska (NGA), a prominent and well documented front 

near the coast is associated with the Alaska Coastal Current (ACC); the 

character of the front depends on seasonal freshwater runoff and wind 

forcing. Offshore of the ACC numerous weaker fronts that exhibit 

seasonal dependences may contribute to the biological patchiness of the 

shelf. In this study an in situ towed-undulating Conductivity-

Temperature-Depth (CTD) and bio-optics measurement package 

captured spring, summer, and fall high-resolution data over the upper 50 

meters of the water column across the ~250 km Seward Line transect, 

which extends from the coast to beyond the shelf break (Figure 1, b). 
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Introduction
To examine co-variability of physical and chlorophyll-a 

signals across the shelf we applied cross wavelet transform 

(XWT) and wavelet transform coherence (WTC)2 analyses. 

XWT delineates significant regions of high power shared 

by two parameters. WTC indicates signal coherence, 

regardless of power levels. Phase-locked signals are further 

evidence for strongly related parameters.

Co-variability

Figure 2. Observations along the Seward Line of temperature (top), salinity (middle) and 

chlorophyll-a fluorescence (bottom) for spring, summer and fall. Distance is measured in the 

offshore direction from the start of the Seward Line (Figure 1, b). The pycnocline depth 

(black/white line) and its standard deviation (thin grey line) are determined using a 3 km 

moving average of the maximum buoyancy frequency depth. Black triangles on the x-axis 

show the location of the shelf break.

Figure 3. Scalograms for fall 

2020 showing temperature 

(top), salinity (middle) and 

chlorophyll-a fluorescence 

(bottom) at depths of 10m 

(left column) and 20m (right 

column). Black contours 

designate the 5% 

significance level against red 

noise. The cone of influence 

where edge effects can 

distort the analysis is shown 

as a lighter shade. Common 

regions of resolved 

significance indicate 

similarity in wavelengths. 

Figure 4. Fall 2020 salinity and chlorophyll-a 10m signals 

compared using cross-wavelet transform (XWT) (a) and 

wavelet transform coherence (WTC) (b). Fall 2020 

temperature and chlorophyll-a 10m signals compared using 

the XWT (c) and WTC (d). Black contours designate the 5% 

significance level against red noise. Relative phase shown 

as arrows with in-phase pointing right, anti-phase pointing 

left. Both signal combinations have phase-locked signals of 

about 20km wavelength near the shelf break. Short bands 

of phase-locked signals occur nearer to shore, likely due to 

surface layer fronts. Coherence levels indicate that low 

power signals are phase-locked over portions of the 

transect, particularly between salinity and chlorophyll-a.  

Seasonal Changes

Seasonal changes along the Seward Line include pycnocline shoaling from spring to summer 

and deepening from summer to fall. High chlorophyll-a fluorescence levels were found in summer 

along the pycnocline and closer to shore, while in spring evidence for blooms occur off shelf 

nearer to the surface.  Relative contributions from temperature and salinity on the pycnocline 

change seasonally and with distance from shore. 

Figure 1. (a) Schematic of key upper ocean 

(<50 meters depth) features and processes 

along the Seward Line. Phytoplankton 

depend on light levels and nutrients, which 

can be modified by the pycnocline’s 

response to wind, tides, low salinities, and 

solar heating, over mesoscale O(101 km) and 

submesoscale (100 km) distances. (b) Cruise 

track of the Seward Line. The 325m 

bathymetry contour (grey) denotes the shelf 

break. (c) Spring, summer, and fall 

temperature-salinity plots with depth 

indicated by color. Spring data (light grey) is 

duplicated onto the summer plot. 
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a.

The towed package was deployed during the spring 2018, summer 

2019, and fall 2020 and the entire length of the transect was traversed in 

<24 hours, measuring hydrographic structure at ~0.25 km scale. The data 

allow analysis of mesoscale O(101km) and submesoscale (100km) features 

and processes associated with the seasonally changing density structure, 

including development of the pycnocline and location of chlorophyll-a 

aggregations. 

b.

If we use this I need to modify the  color bar.

c.

Data along discrete depths commonly reflect nonstationary processes, and chlorophyll-a 

concentrations depend on nonconservative biological factors, making it difficult to relate the 

chlorophyll-a response directly to fluctuations in salinity and temperature. A continuous wavelet 

transform analysis can help by identifying dominant horizontal wavelengths. 

Key Points
• Temperature and salinity differentially drive  

seasonal pycnocline changes with varying 

influence based on cross-shelf location.

  

• A high burst of variability in temperature at 

multiple wavelength scales at the shelf break 

indicates the contribution of shelf break 

physical processes to biological productivity.

• Surface layer fronts above the pycnocline are 

concurrent with biological productivity on the 

shelf.
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