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Station ALOHA has two bottom-moored 
buoys that are heavily instrumented to 
look at high frequency changes in ocean 
properties.  Shown in this example is a con-
tinuous record of temperature at one 
depth in the ocean (100 m).  In the near 
future, Station ALOHA will have a fiber 
optic cable to provide both power and 
bandwidth for transmitting data.  This will 
fundamentally transform the way we ob-
serve the sea.
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New Technologies to “See” the Sea Better
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Time scales and processes driving 
biogeochemical variability at Station ALOHA
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After more than 17 years of 
monthly observations, we are 
beginning to understand the 
influence of various processes 
on carbon cycling in the oceans.  
These processes influence CO2 
solubility and plankton growth 
across time scales ranging from 
diurnal to decadal, and perhaps 
longer.  These observations are 
providing insight into the 
oceans interaction with Earth’s 
climate.

Ocean time series: A window into Earth’s climate and ocean behavior

Undersea tsunami - Antarctic bottom water sloshes westward to Station ALOHA from north of Maui
What causes these sloshing events?
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Kauai Deep

Maui Deep

Bathymetric map of the 
central North Pacific, and 
an expanded version of the 
area surrounding Oahu. 
The solid lines give the hy-
pothesized path of Antarctic 
Bottom Water through the 
Horizon passage into the 
Northeast Pacific, and the 
overflow from the Maui 
Deep into the Kauai Deep.

Time series of potential temperature versus depth. Tic marks along the time 
axis indicate the timing of individual HOT cruises.
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Cold bottom water sloshes from the Maui Deep to the Kauai Deep.

North-south differences in rainfall are transformed into vertical variations of salinity 
by ocean circulation
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Subsurface Pacific Decadal
Oscillation in Salinity

Trend in Salinity

Subsurface salinity changes are caused by long-term variation in rain, hundreds of 
miles north of Hawaii.
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Plankton play an important role in the global carbon cycle
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When plankton photosynthesize, they assimilate CO2 
into their cellular biomass.  The HOT program is inter-
ested both in the amount of plankton biomass 
(measured as chlorophyll concentrations) and the rate 
that plankton biomass is produced (termed primary 
production).

At Station ALOHA concentrations of chlorophyll are gen-
erally greatest near the depth where nutrient concentra-
tions begin to increase, and light levels are low.  In con-
trast, rates of primary production are greatest in the 
upper ocean where light energy is greatest, but nutri-
ents are scarce.  

Chlorophyll concentrations at Station ALOHA tend to be 
greatest in the fall and winter, but rates of photosynthe-
sis are greatest in the summer.  These patterns are prob-
ably driven by seasonal changes in sunlight.
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CO2 on Earth: The past, the present and looking forward

CO2 concentrations in the at-
mosphere are higher today 
than ever before in Earth’s his-
tory.  

To understand the ocean’s re-
sponse to increasing CO2, the 
HOT program has measured 
concentrations of dissolved 
CO2 at Station ALOHA.  These 
data suggest that on average 
the waters around Hawaii take 
up CO2 from the atmosphere 
(the ocean acts as a net sink). 
However, a striking pattern 
emerges from these data; the 
rate of increase of CO2 in the 
surface ocean is more rapid 
than in the atmosphere, sug-
gesting that in the near future, 
the oceans will begin outgas-
sing CO2 to the atmosphere.

Antarctic ice core CO2 data

The ocean
CO2 sink is 
decreasing
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The Hawaii Ocean Time-
series (HOT) program was 
created to help under-
stand the ocean carbon 
cycle and its relation to 
climate variation.  By 
studying ocean processes 
from the surface to the 
deep sea, we are gaining 
information on how the 
oceans are responding to 
changes in Earth’s climate. 

The HOT program con-
ducts monthly cruises to 
Station ALOHA (located 
~60 miles north of Oahu).  
Beginning in October 
1988, we have occupied 
Station ALOHA for four 
days every month and 
sampled a suite of ocean 
properties. 

The Hawaii Ocean Time-series program-It’s HOT!
One of only two studies like this in the world
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Physics and biology interact: Station ALOHA blooms
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In July 2005, data from ocean 
color satellites revealed a 
region of enhanced chloro-
phyll near Station ALOHA.  
Using satellites to measure the 
sea surface height, we deter-
mined that this region of en-
hanced chlorophyll was asso-
ciated with a large eddy 
(analogous to a large tornado 
in the atmosphere).
We assembled a sea-going ex-
pedition to sample this fea-
ture.
One of the surprising findings 
was that large, eukaryotic 
plankton were much more 
abundant than typically ob-
served at Station ALOHA.  
These eukaryotic plankton 
contained symbiotic cyano-
bacteria that were able to fix 
nitrogen gas from the atmo-
sphere.Diatoms

and N2-fixing
cyanobacteria 
in the bloom
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The Biological Pump

Human-induced changes to the global carbon cycle 
(largely due to fossil fuel emissions and deforestation) 
have resulted in rapid accumulation of CO2 in the atmo-
sphere.  The HOT program studies the ocean’s role in CO2 
cycling.

 Atmospheric gases exchange with the surface ocean by 
both physical (gas solubility) and biological processes.  
Plankton photosynthesis consumes CO2 and produces O2; 
nearly one-half of all the O2 on Earth derives from plank-
ton growth.  

As plankton grow, are consumed by predators, and even-
tually die, they sink, carrying carbon biomass produced in 
the surface ocean to the deep sea.  This process,  called the 
biological pump, shuttles carbon from the surface ocean 
to the deep sea and plays a major role in the global carbon 
cycle.

Past and present Hawaii-
based research vessels 
used during the time-
series:  Kaimalino (top 
left), Ka’ imikai-O-Kanaloa 
(top right),  Moana Wave 
(center) and Kilo Moana 
(bottom)  


