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Figure from Lukas et al. 

[2001]4 showing the large-

scale deep transport pathway 

of Antarctic Bottom Water 

along the northern flank of the 

Hawaiian Ridge through a 

number of basins formed by 
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landslides.  The overflow of 

cold water from the Maui 

Deep is an important part of 

this large-scale transport. 
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Introduction 
 

     Near-bottom hydrographic observations in the Kauai Deep at Station ALOHA (see top-

left) reveal episodic events in which near-bottom water is significantly colder than typical.  

Conductivity-Temperature-Depth (CTD) casts conducted in the Maui Deep indicate that 

the physical properties of water in this neighboring basin match those observed at Station 

ALOHA during cold events, suggesting that these events are caused by water 

overflowing from the Maui Deep into the Kauai Deep as a part of the large-scale transport 

of Antarctic Bottom Water in the region (see bottom-left).     

     Since these overflows are expected to be controlled by the sill to the east of the Kauai 

Deep, the region must be accurately characterized to configure numerical models of cold 

water overflows appropriately.  Previous studies involved only basic characterizations of 

this sill region.  Our study uses the 2011 Main Hawaiian Islands Multibeam Bathymetry 

Synthesis6, version 19 (0.0005° horizontal resolution).  Based on the “spill” scheme from 

Otto & Thurnherr [2007]5, a sill-finding algorithm was developed for MATLAB® to 

determine the parameters of the controlling sill between the Maui Deep and the Kauai 

Deep.  The region surrounding the controlling sill is examined (see right-side) in the 

context of cold water overflows from the Maui Deep to the Kaui Deep.  The dynamics of 

cold water in the Kauai Deep (see middle-left) are related to pathways in the sill region. 
 

Cold events at Station ALOHA 
 

     High- and low-frequency oscillations in potential temperature have been 

observed near the seafloor at Station ALOHA (Fig. 3) during cold events.  

These events are likely controlled by multiple forcing mechanisms that 

depend on the buoyancy deficit of the overflowing cold water relative to the 

existing stratification, the magnitude and duration of overflow currents from 

the Maui Deep, their pathways through the sill region, and their pathways 

further into the Kauai Deep.   

  Some possible long-period cold event scenarios 

• Sustained large-volume cold gravity current fills Kauai Deep to depth of 

Station ALOHA without overflowing to NW 

• Cold gravity current accumulates in Kauai Deep and seiching motion 

triggered by low-frequency baroclinic waves/eddies detected at ALOHA 

• Cold overflow follows isobaths to ALOHA for extended period, then eases 

  Some possible short-period cold event scenarios 

• Cold gravity current accumulates in Kauai Deep and seiching motion 

triggered by overhead high-frequency barotropic waves/eddies detected 

at ALOHA 

• Cold overflows follow isobaths to ALOHA in short bursts 

 

Conclusions 
 

• Our analysis of new high-resolution bathymetry data around the Hawaiian Islands 

provides new understanding of the constraints on cold-water overflows from the Maui 

Deep to the Kauai Deep with a much more accurate estimate of the location and depth 

for the controlling sill between the two basins than previous studies. 
 

•  Overflowing cold bottom water likely passes through multiple channels in the sill region.  

The controlling sill sits in the main channel but the majority of the volume transport is 

expected to flow through the North channel based on hindcast volume transports for past 

cold events. 
 

•  Detection of cold events and their detailed signals at Station ALOHA depend on 

overflow volume, outflow pathway(s) of the bottom water after it passes over the ridge 

between the Maui Deep and Kauai Deep, and forcing mechanisms of possible seiching 

modes. 
 

•  Targeted sampling of currents and water properties in the channels crossing the sill 

ridge (B-B’) and nearby in each basin is necessary for better understanding of dynamics. 
 

•  The quality of bathymetry data along the northwest boundary of the Kaui Deep is too 

questionable in precision to provide a trustworthy examination of the NW controlling sill. 
 

 

Sill Region 
 

• The controlling sill between the Maui 

Deep and the Kauai Deep is located at 

22.4855° N, 156.9420° W, at a depth of 

4644-m (assuming a regional depth-

uncertainty in the data of under ±7.5-m) 
__________________________________________________________________________________________________________ 
 

• Main channel: Channel through sill ridge 

(B-B’) over the controlling sill 

• North channel: Single broad channel to 

N of seamount NW of Main channel 

• South channels: All channels to S of 

Main channel along sill ridge (B-B’) 
__________________________________________________________________________________________________________ 
 

• Valley along Main channel (Fig. 5c)  to 

Kauai Deep may restrict small overflows 

• North channel has larger cross-sectional 

area (along B-B’) than Main channel at 

overflow heights >50-m above controlling 

sill (Fig. 6) 
__________________________________________________________________________________________________________ 
 

• Magnitude and orientation determine 

which channels overflows pass through 

• Volume transports in Table 1 assume a 

constant current speed of 0.1 m/s through 

the cross-sectional profile (B-B’) up to 

overflow height in given channels 

• Cold event volume transport estimates of 

0.18 Sv & 0.5 Sv from Lukas et al. [2001]4 

& Alford et al. [2011]1 respectively 

 

Fig. 3: Near-bottom potential temperature at Station ALOHA from HOT deep 

CTD casts (minutes) since 1992 and from the ACO (daily mean) since mid-2011. 

Fig. 2: Bathymetry of Station ALOHA.  

Isobaths every 20-m from 4640-m-to-

4800-m deep. 

Station ALOHA 
 

A 6-nm-radius circle centered at    

22° 45’ N, 158° W in the Kauai 

Deep, ~100 km north of Oahu, 

Hawaii.  Observations from various 

projects in this area provide detailed 

record of episodic cold events:   
 
 

• Hawaii Ocean Time-series (HOT): 

Near-bottom CTD data3,4 since 1988 
 

• Aloha Cabled Observatory (ACO): 

Real-time temperature and current 

data from seafloor since 20112 
 

• WHOTS moorings with near-bottom 

microcat data [ID: 92256, this meeting] 
 

• ACO and Alford’s thermistor arrays1  

Fig. 6: Cross-sectional area, 

% of full area, and width of 

channels by overflow height 

North South Main 

Main 

Fig. 5: (a) Bathymetry of sill region. Isobaths every 100 m from 4250 m to 4750 

m depth. (b) Cross-channel profile, B-B’, of sill ridge with colors marking height 

above controlling sill. (c) Along-channel profile, C-C’, of main channel. 

Overflow Case All channels Only Main and North Only North 

Volume Transport 0.18 Sv 0.5 Sv 0.18 Sv 0.5 Sv 0.18 Sv 0.5 Sv 

Height of overflow 

above sill (m) 
138 247 152 305 178 368 

Depth of overflow 

upper boundary (m) 
4506 4397 4492 4339 4466 4276 

Flow 

Ratio 

 Main channel 20% 16% 23% 22% ------ ------ 

 North channel 65% 59% 77% 78% 100% 100% 

 South channels  15% 25% ------ ------ ------ ------ 

Kauai 

Deep 

Maui 

Deep 

Oahu 

Fig. 4: Map of large-scale transport path of 

Antarctic Bottom Water past Station ALOHA4 

(a) 

(b) 

(c) 

Table 1: Overflow parameters required to achieve 0.18 Sv and 0.5 Sv volume 

transports for separate scenarios of overflow (all channels, N. & main, only N.) 
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Fig. 1: Bathymetry of Kauai Deep and surrounding region.  Isobaths every 150-m from 3800-m-to-

5000-m deep.  Yellow arrows illustrate possible overflow pathways. 


