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latform perturbations in above-water radiometry

tanford B. Hooker and Giuseppe Zibordi

A comparison of above- and in-water spectral measurements in coastal �but predominantly Case-1�
conditions has shown that the uncertainty in above-water determinations of water-leaving radiances
made from an offshore tower depends on the proximity of the above-water measurement with respect to
the side of the platform. For purposes of this study the proximity of the sampling platform is parame-
terized as the perpendicular distance �denoted x� from the side of the sampling platform to the center of
the area on the sea surface observed by the sea-viewing sensor, the so-called surface spot, which is set by
the field of view of the radiometer �or the overlapping fields of view of a multiaperture sensor�. Two
above-water data processing methods were used to create a diagnostic variable �formulated for Case-1
waters only but also applicable to Case-2 conditions over short time scales� to quantify the presence of
superstructure reflections. Based on the height of the tower, H, the analyses were partitioned into near-
and far-field data sets �x � H and x � H, respectively�. The primary conclusions of the radiometric
intercomparisons are as follows: �a� the maximum perturbations occur very close to the tower � x�H ��
1�, and, as x�H increases and approaches 1 �i.e., as the surface spot becomes as far away as the platform
is high�, the platform perturbations converge toward smaller and smaller values, and �b� within the far
field �x � H� the platform perturbation is negligible, and a remote sensing 5% absolute accuracy objective
can be satisfied.

OCIS codes: 010.4450, 280.0280.

. Introduction

cean color satellites1 provide large-scale synoptic
bservations of biogeochemical properties of the up-
er layer in the open ocean �e.g., phytoplankton bio-
ass� as well as continuous monitoring of other

squares�, the allowed uncertainty in the in situ data
is approximately 3.5% ��52�2�.

The primary sources of uncertainty for the ground
truth part of the total uncertainty budget include �a�
the measurement protocols used in the field; �b� the
mportant parameters in the coastal zones �e.g., sed-
ment load and dissolved colored matter�. This global
apability is accomplished through the determination
f radiometric quantities. Specifically, the spectral

absolute calibration of the field radiometers �which
must also be traceable to the National Institute of
Standards and Technology for all U.S. ocean color
satellites�; �c� the conversion of the light signals to
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uantities involved are the radiances measured at
he top of the atmosphere, from which �after atmo-
pheric correction� the spectral radiances emerging
rom the ocean surface—the so-called water-leaving
adiances, LW���—are determined �� denotes the
avelength�.
The success of an ocean color mission is determined

y the quality of the field data collected for calibration
nd validation purposes. For meaningful applica-
ions, the optical measurements must be of an ex-
remely high radiometric accuracy. The Sea-Viewing

ide Field-of-View Sensor �SeaWiFS� project, for ex-
mple, requires 5% absolute and 1% relative accura-
ies in the retrieved LW��� values,2 and most ocean
olor sensors have the same or similar requirements.
lthough several continuous satellite- and ground-
ased activities are needed to ensure that the accu-
acy requirements are met,3 the perspective here is
elated to field observations. Assuming that half of
he total uncertainty budget is apportioned to the
emote sensor and that the uncertainties sum in
uadrature �the square root of the sum of the
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eophysical units in a data-processing scheme; �d� the
tability of the radiometers in the harsh conditions to
hich they are subjected during transport and use;
nd �e� the environmental conditions encountered
uring data collection. Assuming ideal environmen-
al conditions such that the last uncertainty can be
eglected, the SeaWiFS ground truth uncertainty
udget can be satisfied only if each of these uncer-
ainties is of the order of 1–2% �four sources of un-
ertainty combined in a quadrature sum of 3.5%
equires that each uncertainty be �1.8%�. As a gen-
ral description, this degree of uncertainty consti-
utes the so-called 1% radiometry; in other words,
ncertainty sources must be kept at approximately
he 1% level if the overall uncertainty budget is to be
chieved.
The difficulty of working at the 1% level is well

emonstrated when one considers the magnitude of
he perturbations in the proximity of a large struc-
ure as a specific example. This is an appropriate
hoice, because platform perturbations are a recur-
ing problem for all optical methods. These perturba-

tions are made more complex according to the Sun’s
orientation with respect to the structure, and they
differentially influence the data obtained by above-
and in-water methods. For example, from the per-
spective of the in-water light field, investigations
within 5–10 m of an offshore tower show significant
1 February 2005 � Vol. 44, No. 4 � APPLIED OPTICS

effects of the structure: approximately 3–8% for
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lear-sky conditions and as much as 20% under over-
ast conditions.4 Similar levels of uncertainty have
lso been estimated for in-water measurements from
ship.5
Although in-water optical measurements have

een used successfully for deriving water-leaving ra-
iances and are continually used for calibrating and
alidating remote-sensing products from ocean color
ensors,3 above-water measurements form an alter-
ative that remains to be similarly exploited. For
oth approaches an extensive set of ocean optics pro-
ocols �hereafter referred to as the Protocols� was
ecommended,6 revised,7 and updated.8–10 If there is
n area of the sea surface that is free of perturbations
rom the measurement platform, the basic above-
ater approach assumes that the total radiance mea-

ured at the uncontaminated sea surface, LT���, is a
ombination of LW��� plus two sources of reflected
ight, or glint: the sky and the Sun. If one minimizes
he latter by pointing the measurement instruments
t least 90° away from the Sun’s plane �but not into
ny perturbations associated with the platform�, the
nly quantity needed for retrieval of LW��� from LT���
s an estimate of the contribution of the sky’s radi-
nce, Li���.
From a measurement perspective the above-water

pproach is more restrictive than the in-water one,
ecause there is no reliable mechanism for floating an
bove-water system away from a measurement plat-
orm �which is easily and effectively accomplished for
n in-water system�, so all above-water measure-
ents are made in close proximity to a large struc-

ure. Furthermore, above-water systems cannot be
eployed in arbitrary locations, because a stable and
ccessible mounting location is needed to ensure the
equired precision for pointing the sensors with re-
pect to the Sun, the sea surface, and the sky. Note
hat the accessibility requirement becomes less im-
ortant for a robotic system because only limited vis-
ts associated with maintaining the equipment are
equired; there is no need for an operator to satisfy
he pointing requirements because this is done auto-
atically.
The proximity of the sampling platform is param-

terized as the perpendicular distance �denoted x�
rom the side of the sampling platform to the center of
he area on the sea surface observed by the sea-
iewing sensor, the so-called surface spot, which is
et by the field of view �FOV� of the radiometer �or the
verlapping FOVs of a multiaperture sensor�. All
bove-water methods require the sea-viewing radi-
meter to be pointed away from the Sun to prevent
pecular reflection of sunlight, or sun glint. Conse-
uently, the orientation of the apparatus that posi-
ions the sea sensor with respect to the Sun as well as
ith respect to the sampling platform determines
ow far the surface spot is away from the sampling
latform and, thus, the magnitude of x.
For a system affixed to the edge of a sampling

latform �perhaps mounted on the railing� and free to
otate, the sea-viewing sensor’s FOV traces out a cir-
ular arc on the sea surface. Assuming no unusual

eometry �such as a corner mount on a square plat-
orm oriented obliquely to the solar plane� and a
adir-viewing angle of �40° �the usual case�, the pos-
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ible values of x range from approximately 0, the
ull-angle FOV �FAFOV� of the sensor must view only
ater and no part of the sampling platform, to a
aximum value that is approximately equal to the
eight of the sensor above the water. Note that the
aximum x value is obtained when the sensor is

ointed 90° away from the side of the platform �i.e.,
hen it is oriented perpendicular to the superstruc-

ure�.
The Protocols recognize10 that the above-water “ra-

iance measurements should be made from a location
hat minimizes both the shading and reflections”
rom the platform superstructure, but they do not
rovide any guidance as to how to determine when
latform perturbations have been appropriately min-
mized or what levels of contamination are considered
cceptable. The Protocols suggest, however, that “a
ood position for measuring the water-leaving radi-
nce may often be found near the bow of the ship.”
lthough this clearly suggests a location where the
ross-sectional area of the sampling platform is min-
mized and provides a viewing orientation that allows
he sea-viewing sensor to measure an undisturbed
ea surface �even when a vessel is underway�, it does
ot provide any instructions as to how to site an
bove-water system on an alternative, more symmet-
ical structure, such as an offshore oceanographic
ower. More importantly, no metrics are provided in
erms of a conveniently measured aspect of the sam-
ling, such as x or the azimuthal pointing of the
ensor, to permit an individual investigator to deter-
ine what portion of the sampling space will yield

ufficiently uncontaminated data for calibration and
alidation activities.
For above-water measurements �recall that the

ea-viewing sensor is never pointed directly into a
hadow�, platform perturbations are a combination of

three effects: �a� the shadow cast by the platform
outside the FOV of the sensor but within the atten-
uation path lengths defined by the inherent optical
properties of the water, �b� the interaction of the up-
ward �in-water� radiant field with the submerged por-
tion of the platform, and �c� the reflections off the sea
surface from the interaction between the downward
�above-water� radiant field and the exposed super-
structure. The last-named effect is expected to be the
most important for above-water measurements, be-
cause the Sun and the sky are the light sources for
the final perturbation and they are significantly more
intense than the in-water radiant field.

Because the perspective adopted here is based on
the 1% radiometry needed for calibration and vali-
dation exercises, the thresholds or quantification
limits are tied to keeping uncertainties at the 1%
level. The objective of this study is to determine
empirically the magnitude and the spatial extent of
the perturbation—principally the superstructure
reflection—from an offshore tower. The culmination
of the inquiry is to provide sampling metrics for
establishing what data, collected as part of a gen-
eralized above-water methodology, will not be con-
taminated with platform perturbations above the

1% level, thereby permitting their use in calibration
and validation activities.




