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ABSTRACT    As a core component of the Hawaii Ocean Time-series, the bio-optics program has measured apparent and inherent optical properties of Station ALOHA since 1998. These data include 
spectra of downwelling irradiance and upwelling radiance, hyperspectral and multispectral absorption and attenuation of particulate and dissolved material, and measurements of particle concentrations and par-
ticle size. The temporal resolution of these observations ranges from daily cycles to seasonal and interannual periods. Since 2002, we have paired these data with various regional remote sensing products, in-
cluding sea surface temperature anomalies, standard chlorophyll products (OC3M) as well as the ocean color index (OCI) algorithm for low level chlorophyll.  Here we will present a subset of findings from this 
rich dataset. Vignettes include time-series of the particle absorption in the upper euphotic zone, the relationship between particle size and primary productivity,  and the influence of color dissolved organic mate-
rial on chlorophyll retrievals from space.
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Phytoplankton pigment absorption    
Phytoplankton absorption is measured by two methods: the quantitative filter pad technique (QFT) and using a Wetlabs ac-s deployed on 2-3 casts per cruise. QFT samples have been processsed for cruises spanning 
January 2006 - May 2011. When spectrally averaged, normalized to HPLC chlorophyll, and corrected for internal scattering, we find the chlorophyll specific absorption coefficient to be relatively constant with depth 
(~0.02 m2 mg chl-1) and time albeit clear indications of photoacclimation are evident via seasonal shifts in the shape of normalized absorption spectra.

Hawaii Ocean Time-series: bio-optical measurements, remote sensing and primary productivity 

Remote sensing products As a component of the HOT bio-optics program we have evaluated 
various ocean color products including the OC3M,  GSM01 and the Hu (2012) Color Index (CI) developed for chlo-
rophyll values < 0.25 mg m-3 . We find that many standard flags can be relaxed for the CI index which greatly im-
proves regional coverage. However, even thought it is no secret that the CI index contains information on CDOM 
and Chl, CDOM does not appear to be well correlated to CHL products. Preliminary findings indicate that differ-
ences between the CI index and the OC3M algorithm are partially related to regions having low nLw555. 
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Figure 3. Depth dependence of aph
* 

calculated using three corrections for 
internal scattering (β factors). We find 
no significant difference in results as 
a function of the selection of the β 
factor. 

Figure 1. Time-series of aph
* in the upper 45m of the 

water column as compared to  aph
*  calculated from 

HPLC chl as per Bricaud et al. (1995). These data 
reveal a relatively invariation absorption coefficient 
in surface waters with episodic increases in summer 
months. 

Figure 2. The chlorophyll a specific absorption 
spectra from filter pad samples collected at 25, 75 
and 125 m depth between January 2006 and 
August 2011.  The absorption spectra in the blue 
region (400-500 nm) broadens with depth.  In addi-
tion, we can observe intra- as well as inter-seasonal 
variability in spectra in the mixed-layer (25m) as 
well as in the Deep Chlorophyll Maximum region 
(DCM) suggesting that photo-acclimation plays an 
important role in this pelagic environment.
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Figure 4. The rate of primary produc-
tivity as a function of the spectrally 
weighted absorption coefficient. 
Depth is shown as the color contour. 
While there is a positive relationship 
between aph and PP at 125, when the 
full water column is considered, the 
relationship is weak and negative . 
This finding indicates the significance 
of photoadaptation at Station ALOHA 
and argues against a constant ratio of 
productivity normalized by phyto-
plankton absorption. 

Figure 5. While all CHL products nominally agree with in situ HPLC CHL, the database of matchups are small 
(n=44). More significantly, GSM CHL and to a lesser extent CI CHL suggests decline in surface CHL that is not 
indicated by in situ data . Comparison of temporal and spatial maps of CHL and CDOM products indicates that CI 
CHL closely approximates CDOM. 

0 0.6 1.2 1.8 2.4 3.0
0

2

4

6

8

10

12  

0 6 12 18 24
0

2

4

6

8

10

12  

0 6 12 18 24
0

2

4

6

8

10

12  

1.25-2.0 µm Carbon, mg m-3 2.0-20.0 µm Carbon, mg m-3 20-100.0 µm Carbon, mg m-3

P
rim

ar
y 

P
ro

du
ct

iv
ity

, m
g 

m
-3

 d
-1 depth, m

(A) (B)

30

40

50

60

70

80

90

100

110

120(C)

0

2

4

6

8

(A) 1.25-2.0 µm particle volume, µl l-1 x10-3
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(B) 2.0-20 µm particle volume, µl l-1
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Particle Size Distribution The HOT optics package has been instru-
mented to provide particle size distributions via a LISST. These data are available from Sep-
tember 2009 to April 2014 and show clear variability in relative contributions of particle size 
classes albeit only weak relationships to primary productivity that are confined to depths of 
100-125m. 

Figure 7. Relationship of the carbon content of particles in the following size classes: (A) 
1.25-2.0 µm, (B) 2.0-20 µm, (C) 20-100 µm to the rate of PP measured between 9/09 and 
12/12. The contour is depth. Only particles in the 2-20 µm range show a positive relation-
ship to measured productivity rates, however this relationship is only linearly significant at 
100-125m depth horizons (regression shown on panel B, slope = 0.22 d-1, r2 = 0.48).  

Figure 6. Contours of volumetric particle concentration for (A) 1.25-2.0 µm and (B) 2.0-20 
µm. The former size class of particles shows a maximum at the DCM while larger particles 
are confined to the mixed layer.


