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ABSTRACT -

Cyclonic and anticyclonic eddies are created by interactions between the northeasterly trade
winds and the North Equatorial Current with the island of Hawaii. Of particular interest are the
cyclonic eddies, also known as cold-core eddies, which vertically displace the underlying
nutricline into the overlying, nutrient-deplete euphotic zone. The overall result is dramatically
higher primary productivity levels, which typically comresponds to increased numbers of
zooplankton and fish. SeaWiFS, or Sea-viewing Wide Field-of-view Sensor, measures
chlorophyll-a concentrations over large areas of the ocean from space, thereby allowing
researchers to measure how productive these mesoscale features are without having to spend the
farge sums of money required to travel out to an eddy and collect measurements from a ship.
SeaWiFS is designed to take accurate measurements only under clear conditions, i.e. in the
absence of clouds and concentrated atmospheric pollutants. The Hawaiian Islands are largely free
of such atmospheric pollution except for the large and continuous quantities of volcanic fog, also
known as vog, created on the island of Hawait. It is believed that volcanic fog increases aerosol
concentrations above tolerable levels, and therefore its presence will compromise chlorophyll
measurements. This study investigates the effects of vog on the accuracy of chlorophyll
measurements made with the SeaWiFS sensor by comparing them to /n sitfu measurements. This
study tests the hypothesis that the presence of vog results in over-estimations of chtorophyll-a
concentrations made by SeaWiFS. Data analyses reveal an approximately linear relationship
between vog thickness and errors in SeaWiFS measurements. As vog thickness increased over
the study area, over-estimations in SeaWiFS measurements increased as well,

INTRODUCTION

Cyclonic eddies forming in the lee of the main Hawaiian Islands provide excellent
opportunities for studying and understanding these mesoscale features. Interactions between the
northeasterly trade winds and the North Equatorial Current combined with island topography
create a continuous eddy field (Patzert 1969; Lumpkin 1998). These eddies are typically
generated in the lee of the island on time scales of 50-70 days, although individual eddies have
lasted over six months (Seki et al. 2001). The eddies average approximately 60-100 km in
diameter and can form during any part of the year, but are more frequent during periods of high
trade wind activity that typically corresponds to the late fall/winter months (Lumpkin 1998). The
physical dynamics associated with the formation and subsequent deterioration of Hawaiian
eddies have been well documented. The biological components and processes, however, are not
as clearly understood. This lack of knowledge is largely due to difficulties in detecting eddies as
well as, logistical technicalities in collecting in situ data once an eddy is detected. Ship time is
expensive and difficult to obtain on short notice. The development of satellite remote sensing has
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substantially improved our ability to accurately detect the formation and deterioratio
around Hawaii. These technologies have also significantly improved the precision
sampling capabilities. _

One such satellite sensor that is used to study these mesoscale features is SeaWiF
viewing Wide Field-of-view Sensor. The mission of SeaWiFS is to improve the capabi
ocean color remote sensing via satellite technology. Ocean color remote sensing |
scientists with surface primary production values or chlorophyll concentrations, over lar
of the ocean. In order to measure chlorophyll levels, SeaWiFS uses bilinear gains to all
sensitivity measurements of ocean-leaving radiances and low sensitivity measurem
radiances from clouds, which are much brighter than the ocean. Basically, the more chl
present in the surface waters the less radiant energy is reflected back to the sensor becau
of the sunlight is being used in photosynthetic processes (Kirk 1993). SeaWiFS has |
important tool for identifying and studying cyclonic eddies. When an eddy forms and
levels inside the eddy increase, SeaWiFS is able to detect corresponding increases in chly
concentrations/phytoplankton abundance inside the eddy. SeaWiFS allows researd
measure how productive these mesoscale features are without having to spend the large¢
money requlred to travel out to an eddy and collect measurements from a ship. |

SeaWiFS is designed to take accurate measurements only under clear conditions, i.
absence of clouds and concentrated atmospheric pollutants (Porter, personal comm
2000). The Hawaiian Islands are largely free of such atmospheric poltution except for
and continuous quantities of volcanic fog created on the island of Hawaii. The term “vo:
for volcanic fog, is formed from the interaction of hot gases released from the active
Volcano, and water. Kilauea has been continuously active for years and when the north
winds do not blow strongly, “Kona Winds” typically prevail. These winds prevent the
being blown in the southwest direction far out to sea where it gradually dissipates
personal communication, 2000). Instead, the vog is blown west and accumulates over th
where the cyclonic and anticyclonic eddies are forming. This has caused a problem
SeaWiFS sensor that is being used to measure chlorophyll/primary production values i
cold-core eddies. The SeaWiF$S sensor is calibrated to measure a standard level of atm
aerosols, but because vog is not a standard level, it is hypothesized that its prese
compromise chlorophyl! estimates. As the concentration and/or thickness of vog increas
of the incoming solar radiation is scattered before it reaches the surface of the ocean res
less radiant energy being reflected back to the sensor. As a result, it is believed th
estimations of chlorophyll concentrations occur.

The goal of this project was to determine if vog causes an over-estimation in chlor
measurements made with the SeaWiFS sensor, by comparing them to in situ measuremel
project is important for a number of reasons. It will combine knowledge and research te
from various fields including oceanography, physics, atmospheric chemistry, and mathen
will enable researchers to gain a better understanding of how local phenomena
sophisticated satellite technology. Ultimately, the importance of this project lies in advan
understanding of the cyclonic and anticyclonic eddies and how they affect offshore produ

METHODS

The first phase of data collection involved the acquisition of chlorophyll and vog t
measurements obtained during the HOT #89 cruise which took place in January of 1






