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Penetration Depth at Green
Wavelengths in Turbid Waters
Laboratory results indicate that apparent penetration depth is
influenced by mineral content and suspended sediments
while field measurements show wide variation in penetration
depth, even when suspended solids concentration is nearly
constant.

INTRODUCTION

M ANY INVESTIGATORS are attempting to
identify and/or quantify various con

stituents in suspension in coastal and inland
water bodies from remote sensing data
(Johnson and Bahn, 1977; Rogers et al.,
1976; Williamson and Grabau, 1973; Whit
lock, 1977). As noted in Whitlock (1977), one

influences upwelled radiation is necessary.
This depth is known as the apparent remote
sensing penetration depth.

Gordon and ~IcCluncy (1975) gave con
siderable insight into the remote sensing
penetration depth problem for various types
of oceanic and coastal waters. In that publi
cation, remote sensing penetration depth

ABSTRACT; A laboratory and field measurement program was con
ducted to determine apparent remote sensing penetration depths at
a wavelength of 520 nm.. Tests were made for various types of sedi
ments under controlled conditions in a laboratory. Field tests were
conducted in several different water bodies over a wide range of
solar elevation angles.

Laboratory results indicate that apparent penetration depth is
significantlu influenced by mineral content and/or size of suspended
sediments. Field measurements show wide variation in apparent
penetration depth, even when suspended solids concentration is
nearly constant. Apparent penetration depth does not appear to be a
strong functi.on of sola r elevation angle so long as the water mixture
remains constant.

critical ficlctor in the interpretation process is
whether or not bottom reflection affects the
remote sensing data. vVhen attempting to
monitor water quality parameters for con
stituents in suspension, it is usually desir
able that the data not include upwelled radia
tion from bottom reflection. To assess this
problem, some knowledge of the water
depth at which bottom reflection no longer

was defined as the depth above which 90
percent of the upwelled radiance originates
and was referred to as Z'llo' Z90 was expressed
as a function of the diffuse attenuation coef~

ficient for irradiance just beneath the sur
face, K(O, -), or alternatively, in terms of the
beam attenuation coefficient, c, the scatter
ing coefficient, b, and the fraction ofb in the
forward direction, F, of the water mixture.
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Unfoltunately, all of the proceeding optical
parameters except c and k(O, -) are difficult
to measure in the field and are not included
in those parameters normally monitored by
the environmental engineering and ocean
ographic communities.

In an attempt to relate 2 90 to a parameter
usually monitored in field experiments,
Whitlock (1976) made estimates of 2 110 as a
function of suspended solids concentration
for various types of coastal sediments. Ex
perimental values ofc and b from Ghovanlou
et ai. (1973) were combined with theoretical
curves from Gordon and .\1cCluney (1975) to
produce the estimates. For water bodies
with heavy sediment concentration, total
suspended solids concentration is a domi
nant parameter, and penetration depth as a
function of that sediment concentration
parameter is useful information. Whitlock
(1976) concluded that additional data are
needed, pmticularly for turbid waters.

McCluncy (1974) notes that the apparent
remote sensing penetration depth may be
much deeper than 2 90 if bottom reflectance
is high (greater than 20 percent). Frei and
MacNeil (1973) shows that diffuse reflec
tance for various soil types may vary from
only a few percent to as high as 80 percent.
From these results, it was concluded that the
bottom reflectance of coastal and inland
water bodies may be quite variable. Calcula
tions in '\-[cCluney (1974) indicate that the
apparent remote sensing penetration depth
for highly reflective bottoms is nearly iden
tical for reflectances of 20 percent and 60
percent. Based on this information, a
laboratory and field measurement program
was conducted by the NASA Langley Re
search Center to determine apparent remote
sensing penetration depth at 520 nm.

This article presents results of the labora
tory and field investigation which measured
apparent remote sensing penetration depths
for a range of different sediment types and
concentration levels typical of turbid water
bodies. Spectral scans were performed using
an underwater panel whose reflectance
peaks mther strongly at 520 nm. Results are
presented for various types of sediments in
vestigated under controlled conditions in
the laboratory. Field data obtained over a
wide range of solar elevation angles for sev
eral different water bodies are presented.
Finally, both laboratory and field results are
compared with calculated values from Whit
lock (1976).

EXPERIMENTAL TECHNIQUE

Laboratory measurements were made

with the equipment setup shown in Figure
1. A xenon lamp beam was projected to a
tank which contained 11,600 litres of water.
The elevation angle (from the horizon) of the
light incident on the water surface was 77°.
The tank was filled with tap water which had
been processed through a filtration
deionization system which achieved purities
of less than 0.5 ppm suspended solids and
2.0 ppm dissolved substances. Various
weights of the test sediments were then se
quentially added to the filtered-deionized
base water to achieve mixtures with in
creased concentration. Each mixture was
circulated to keep the sediments in suspen
sion. A spectrometer was used to obtain up
welled reflectance spectra over the
wavelength range from 380 to 980 nm for
each water mixtUle. A green plate with 57
percent diffuse reflectance at 520 nm was
then lowered into the water. The depth at
which the signal reflected hom the plate
could no longer be seen on the spectrometer
was considered to be the apparent remote
sensing penetration depth at 520 nm for the
particular water mixture being observed.
Yleasurements were made at a green
wavelength for two reasons: Gordon and
.\1cCluney (1975) indicates that maximum
penetration depths for coastal waters occur
in the green range, and Whitlock (1976) pre
sents calculated values for penetration depth
based on optical coefficients at 540 nm. Ad
ditional information on the laboratory setup
can be found in Whitlock (1977) and Whit
lock et al. (1977).

The equipment setup for the field mea
surement program is shown in Figure 2. The
same spectrometer was used for the field
tests as was used for the laboratory mea
surements. As in the laboratory tests, the in
strument was located 2.44 metres above the
water surface, pointed toward nadir. Optics
of the spectrometer-lens system were such
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FIG. 1. Sketch of laboratory set-up.



PENETRATION DEPTH AT GREEN WAVELENGTHS 1407

110 VOLT POWER SUPPLY

SPfCTROMETER

DIRECT SOLAR

RADIATI~ ~

~ DIFFUSE
SOLAR

RADIATION

UPWELLED RADIATION

INSTRUMENT SPOT
lD IAMETER· 5 em)

FIG. 2. Sketch of field experiment set-up.

FIG. 3. Spectral characteristics of green plate.

that the spot being monitored on the water
surface was 5 cm in diameter. As in the
laboratory experiments, the green plate was
lowered into the water until the reflected
signal disappeared on the spectrometer.
Spectral reflectance chcuacteristics of the
green plate during a typical field test in the
Back River at Hampton, Virginia, are shown
in Figure 3. Reflectance magnitude is based
on measured upwelled radiance values hom
the water divided by the upwelled radiance
from a 99 percent diffuse reflector.

RESULTS AND DISCUSSION

Apparent remote sensing penetration
depth values fi'om both the laboratory and
field tests are summarized in Figure 4.
Shaded symbols denote values obtained in
the laboratory. Tests were made over a range
of concentration values fi'om 4 to 173 ppm for
Jordan clay, Calvert clay, and Feldspar soil
sediments. Upwelled radiance and reflec
tance spectra for these sediments are pre
sented in Whitlock et ai. (1977), and beam
attenuation coefficients are given in
Ghovanlou (1977). Mineral content and par
ticle size distribution are described in
Chapman (1977). The clay sediments are

very fine, with the majority of their particles
(by weight) smaller than one micrometre.
The Feldspar sediment is a mixture of quartz
and feldspar and has an average particle size
of 20 JLm. From the laboratory results shown
in Figure 4, it is concluded that sediment
type and/or size has an effect on the apparent
remote sensing penetration depth in turbid
waters.

A single laboratory measurement (the
shaded triangle) was also made using actual
Back River water which had been pumped
into the tank (April 7, 1977). The
laboratory-measured penetration depth [or
that "real world" water was in the same
range as values for the clay soil sediments.

Field results are shown by the open sym
bols in Figure 4. Both the James River and
Appomattox River tests were conducted near
Hopewell, Virginia, in \[ay 1977. The
Wabash River value is taken from Bartolucci
et ai. (1977). Back River tests (at Hampton,
Virginia) were conducted over a series of
solar elevation angles on two separate days,
June 22,1977, and August 26,1977. In gen
eral, values for remote sensing penetration
depth fi'om the field tests are in the same
range as laboratory measured values. How
ever, there is a wide spread in the Back
River values which does not appear to be a
function of total suspended solids.

A simplified analysis was conducted in an
attempt to explain the wide variability in the
Back River e1ata. First the Tune 22 total sus
pended solids, penetration depth, and
chlorophyll a values were plotted as a func
tion of solar elevation angle as shown in Fig
ure 5. (Water samples £i'om which the sus
pended solids and chlorophyll values were
measured were taken from a depth of 0.5
metre.) Penetration depth values were then
adjusted to simulate what might be expected
if total suspended solids had been constant
over the experiment period (an incoming
tide in the morning). Considering the 19
ppm point in the upper chart as an example,
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FIG. 4. Apparent remote sensing penetration depth.
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of a constant total suspended solids concen
b'ation of 14 ppm. Remote sensing penetra
tion depth tended to increase with solar ele
vation angle on June 22, 1977, in the Back
River. However, algae concentration tended
to decrease that day as solar elevation angle
increased. Thus, it cannot be determined
from the June 22 data whether the increase
in penetration depth was caused by the in
crease in solar elevation angle, the decrease
in algae concentration, or unknown changes
in dissolved substances or sediment compo
sition.

A second Back River experiment was con
ducted on August 26, 1977. That day was
somewhat windy and water properties were
more erratic as the morning progressed (an
outgoing tide). As shown by the open sym
bols on the top chaIt in Figure 6, total sus
pended solids ranged Ii'om 15 to 30 ppm.
Penetration depth values were between 0.8
and 1.0 metres, even after adjustment to a
constant total solids concentration of 20
ppm. ost impOltant, remote sensing pene
tration depth did not show a significant trend
with solar elevation angle. Chlorophyll a
concentration was also erratic with no sig
nificant trend. It is thus concluded that the
penetration depth trend observed on June 22
was probably caused by changes in water
constituents rather than by increases in solar
elevation angle, The limited number offield
measurements in this investigation suggest
that apparent remote sensing penetration
depth is not a strong function of solar eleva-

-v- --'1-_

~. 101
; 15

~ 10

g 5 -~-~~-~-~-~~
~ 1.0

~0L--~-_-~-_-_~

~I
15

1r 5

t 510;;------"30:0------:470 ----;50:O;;-----:60:O;;--/c:;;O--;:g·o

SOLAR ELEVATION ANGLE. deg

it was assumed that if the concentration 'had
been 14 ppm, then the penetration depth
would have been 1.1 metres instead of 0.9
metre based on trends of the laboratory clav
sediments data in Figure 4. The penetration
depth associated with the 15 ppm solids
concentration value was adjusted in the
same manner. Dashed lines were then used
to examine trends based on the assumption

FIG. 5. June 22, 1977, Back River experiment
data.
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sion, apparent penetration depth values
taken with a .57 percent diffuse green plate
tend to be higher than calculated ZHO values.
Both laboratory measurements and calcula
tions appear usehd for estimating the gen
eral range of remote sensing penetration
depth, but field measurements are required
to obtain accurate values.
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FIG. 6. August 26, 1977, Back River data.

tion angle in turbid waters if the mixture re
mains constant.

Comparison of measured apparent pene
tration depth values with calculated Z~o

trends from Whitlock (1976) are shown in
Figure 7. It must be noted that the sediments
used in the Whitlock (1976) calculations
were not of the same composition as those
tested in the experimental program. The
trend of the experimental data follows that of
the calc:ulated Zuo values. As would be ex
pected from the \1cCluney (1974) discus-

CONCLUDING REMARKS

From the results of this investigation, the
following conclusions are made:

(1) Laboratory results obtained under con
trolled conditions indicate that apparent
remote sensing penetration depth is sig
nificantlv influenced bv mineral content
ancVor si~e of suspended' sediments.

(2) Field measurements show wide varia
tion in apparent penetration depth, even
when suspended solids concentration is
nearl\' constant.

(3) Apparent penetration depth does not
appear to be a strong function of Sun angle,
based on a limited number offield tests over
a wide range of solar elevation angles.

(4) Laboratory measurements appear use
ful for estimating the general range and
trends of penetration depths, but Held mea
surements are required to obtain accurate
values. Additional beld and laboratory tests
are recommended to assess penetration
depth values at red and infrared wave
lengths. :Vleasurements at these wave
lengths may have promise for remote
monitoring of marine pollutants in shallow
waters.
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FIG. 7. Comparison of measured and calculated values.
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LANDSAT 79
The Fi rst Australasian Landsat Conference

Macquarie University
Sydney, Australia
21-25 May 1979

The Department of Science and CSIRO, in association with Macquarie University, Indusat,
and the Remote Sensing Association of Australia, are pleased to announce the first Landsat
conference in Australia. The conference will be oriented towards the use of Landsat imagery
in the Australasian context and, in particular, to the use that can be made of imagery that will
become available when Australia's Landsat station is completed in 1980. Papers will be
presented in a combined oral and poster format in three main areas:

• Agriculture/rangelands/forestry/land use
• Geology/mineral exploration/hydrology
• Techniques development/mapping/image processing

The conference will include review papers from invited speakers in the three areas above,
and sessions for beginners and for those familiar with remote sensing techniques. An exhibi
tion is being held in association with the conference in order to display commercial equip
ment for image enhancement and analysis.

For further information, and for those who wish to present papers, please contact

Mr. J. Davies, Conference Secretary
Landsat 79
P. O. Box 136
North Ryde, NSW, 2113
Australia


