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Conparison of In-Situ and Renptely Sensed Ocean Optica
Properti es.

I nt roduction

During the Operational Cceanography cruise a
prelimnary experinent to conpare the in-situ to satellite
measured horizontal visibility was conducted on July 15"
18'", and 28th. Dive nunber 3 was a hull dive and not used
to record optical data. Dive 4 and 5 were the last two
recorded dives of the experinment, hence the nunbering
systemof Dive 1, 2, 4, and 5 as witten in this paper.
Using the RV Pt Sur’s CTD information, diver observation
and conposite satellite retrieved radiation values for the
nont h of August, a sinple conparison of the underwater
horizontal visibility was established. Four dives were
conducted wthin a two-week tinme franme | ocated nearshore at
Moss Landing, Port San Luis and Santa Barbara. The
prelimnary results were recorded and are conpared in this

docunent ati on.

Equi pnent
The device used on the Pt Sur’'s CTDis a 25 cm
transm ssometer. Transm ssion of a collimted 670 nm

wavel ength of light is nmeasured using a Light Emtting



D ode (LED) and a synchronous detector. The data is output
fromvoltage is in values ranging fromO to 100% which is
conversely related to a beam attenuation coefficient ‘c’.
In general the transm ssoneter neasures the particul ate
concentration in the water columm, but this experinment was
to relate the beam attenuation with what a diver sees under
water as his or her visibility.

Di ver measurenments were conducted within the first 10
meters of the water colum, ~ 10,20 and 30 feet. Two
di vers descended to ~30 feet, one diver held a 12 inch
secchi disk marked with a black ‘X for contrast and the
ot her diver swam away until the secchi disk was |ost out of
sight. The horizontal distance was recorded and then the
di vers ascended 10 feet to repeat the sanme process.
Because the satellite data is only conparable to 10 neters,
whi ch was the depth chosen to record diver neasurenents.

The satellite used for value conparisons is the Sea
View ng Wde Field of View Sensor (SeaWFS) on the O bView
2 Satellite. SeaWFS is an ocean col or observing satellite
with 8 channel s to observe high-resolution reflectance
characteristics of seawater. (Specifically in this
experinment channels 3-5 were used to observe the green/blue
spectrum of the ocean, which is the wavel ength at which the

human eye sees objects underwater.) Approxi mately 90% of



the worl d’s oceans are observed with SeaWFS each day. A
brief cartoon in figure 1 clearly displays what the
satellite neasures fromthe ocean. The irradi ance val ues
calculated are for Konly, a and b were not observed in
this experinent. Couds sevearly Iimt daily conposites of
the California Coastal region in the sumer due to the
persistent |owlevel stratus. The week of July 8th and
July 29" were cl ear sky days, unfortunately not during the
di ving operations on the cruise. The first assunptions in
this paper is that the optical properties on or about the
time of the diving and CTD neasurenents were nearly the
same as a conposite inmage of July/Aug for the Satellite

i mages or approximately equal to a clear day inmage 4 to 5
days earlier. The neasurenent from SeaWFS is then process
and the outputs are diffuse attenuation (K) at the 490 &
532 nm wavel engt hs, absorption (a) and backscatter (b).

The significance of K, a and b will be discussed in the

fol |l owm ng paragraphs.

Envi r onnment

The neteorol ogi cal conditions for the days of the four
di ves were overcast, |low wi nds (~<4 knots) and | ow waves.
The overcast weather hinders both the satellite retrievals

of radi ances and also limts the true visual neasurenent of



the divers. Wth that being stated, there is one possible
cause in the disparity between the satellite s observed
measurenents with the in-water diver neasurenents.

The oceanographic conditions off the coast of
California are near perfect for optical neasurenents with
its relatively clear waters. Measurenents of chl orophyl |
concentration and K at the 532 and 490 wavel engths fromthe
satellite, transm ssoneter neasurenents and diver
visibilities are all very distinct wwth variability in
cl oud coverage for the satellite, and transm ssoneter
i nstrument inconsistencies being the only limtations on

results due to oceanographi c climatol ogy.

Data Results and conpari son

Transm ssoneter results are displayed in figures 2
through 6. The tables associated with figures 2 through 5
are transm ssoneter percentage neasurenents converted to c
via the logarithmc relationship:

¢ = -In (%Transmission)/[z] (1)

Equation 1 represents the fact that |ight approxi mtely
attenuates in water exponentially with depth. The variable
c is also an inherent optical property of water and is
routinely measured with a 670 nm wavel ength to determ ne

t he percentage of suspended particulate matter over a



di stance z. Beam attenuation is highly dependent on the
scattering and absorption of particles, which is difficult
to nodel optically because of |arge deviations from
particul ate matter concentration to optical paranmeters of
nat ural waters.

The tabl es al so have a columm that represents the
rel ati onship of the horizontal visibility neasurenent:

R ~4.0/[c] (2)

It is well known in optical oceanography that |ight, as
seen underwater, is seen at 4 to 5 times the distance 1/(c-
KcosB). Were Bis the viewing angle with respect to
zenith, and because in this experinent the viewis
horizontal the termis dropped | eaving equation 2 above.

Usi ng the transm ssoneter and di ver observations and
with the exception of Dive 5, there is a distinct increase
invisibility at the 9.14 mdepth. Dive 5 shows the
opposite with a decrease in visibility wwth depth. This is
i ndicative of a surface phytopl ankton layer in dives 1, 2
and 4 and a m d phytoplankton [ayer in dive 5. Figure 6
illustrates this nicely with contour plots produced.
Figure 6a and 6b are for dives 1, 2 and 4, while figure 6¢
represents dive 5 and its md phytopl ankton | ayer.

Limted satellite data retrieval was possible due to

clouds resulting in only two i mages used for study. An



August conposite imge for the NRL derived SeaW FS K532
product at the Santa Barbara Bight (Dive 5) and a daily
conposite of a clear day (July 23rd) NPS terrascan K490
product | ocated near Monterey Bay (Dive 1) [Figure 7a and
7b respectively] were chosen because of the best clarity of
the images. Both inmages can be interpreted as the rate at
which Iight at 532 or 490 nm can be attenuated wi th depth.
Typically attenuation length is simlar to that of the
secchi depth and can be used to estimate the visibility
t hroughout the water columm. Note: since the conparison is
for a diver's visibility, it is assuned that a diver can
see only approximately one attenuation |length (1/c) which
on average is ~10 neters. For Dive 1 the K490 val ue was
approximately 0.5 which corresponds to a range of ~3
nmeters, coinciding with the transm ssoneter neasurenent.
The K532 measurenent for Dive 5 yielded a parallel result
with the value being ~0.1 and a range of ~10 neter, again
mat chi ng the transm ssoneter val ue.

The diver visibility results are represented in figure
8. The transm ssoneter and SeaW FS neasurenents
underestimate the divers observations by 2 to 5 neters but

followa simlar trend.



Concl usi on and Further Investigation

Qoviously in each neasurenent taken there nust be a
transl ati on between wavel engths and the i nherent verses
apparent optical property used in the observations. The
670 nmcollimated beam of light of the transm ssoneter is
sufficient for determ ning the magnitude of particul ate
concentration in the water colum but only gives a poor c
val ue for an underestimted range in visibility. Having a
transm ssoneter that uses a wavelength in the green/bl ue
spectrum woul d be a better conparison with the diver and
satellite neasurenents. The satellite derived K490 and
K532 products give simlar conparisons to that of the
transm ssoneter, which underestimtes the actual visibility
of the diver.

In an operational viewthis is a |less than
satisfactory result but the ability to extract the water
clarity/visibility anywhere in the world remains a driving
force for reducing the error in neasurenents. The world
wi de accessibility of this product for the Navy's
operational use cannot be stressed enough. The inpact on
time and nonetary assets in the planning phase of
operations that deal with determning water clarity is
i nval uable. Future study in reducing the satellite derived

error fromthe nmeasured error will increase the credibility



of this renotely sensed oceanographi c paraneter with the
hope that horizontal visibility products wll becone a
trusted ‘norm in the planning stages of mlitary exercises

and operations.
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Figure (2)
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Figure (3)
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Figure (4)
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Figure (5)

Dive 5
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Fi gure (6)
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Figure (7a)
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Fi gure (8)
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Dive |Location Depths(m) | Visibilities(m)

1 ~ Monterey Bay 3.05 2.08
36 46.7

121 50.4 6.1 4.32

2 ~ Port San Luis 3.05 4.57
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4 ~ Port San Luis 3.05 7.36

3505.9 6.1 7.62

120 45.7 9.14 7.62

5 ~ Santa Barbara 3.05 7.62
34 24.6

6.1 7.62

119571 9.14 6.25
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Fi gure (7b)
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