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Coastal Water Clarity
from Space Photographs

GEMINI photos illustrated that they can be used
for mapping coastal water types.

and published transparency data (References
1,2, 3,4, 6,7, 18, 20, 27, 34, 35, 40, 41, 42).
These charts show distribution of estimated
average coastal water clarity as it occurs dur-
ing more than 50 percent of the time. Secchi

INTRODUCTION
Tms sTupy was undertaken for two pur-
poses: (1) to estimate the percentages of
the world’s coastline having sufficiently clear
water for mapping of nearshore submarine

topography using airborne optical devices
(such as cartographic cameras and pulsed
laser range finders), and (2) to determine the
feasibility of using space photography to ob-
serve water clarity. Available in-situ water

readings in some areas can show more than
100 percent change in a few hours as well as
slower seasonal changes of the same magni-
tude (34). Local anomalies smaller than 100
miles across are not shown, and only the re-

transparency data was collected and found to  gional picture is attempted.

ABSTRACT. Mapping ocean water clarity from space ship photography was
shown to be feasible by studies of 70 mm color transparencies from GLEMINI
flights. A prototype global map of couastal ocean water turbidity was constructed
on the basis of the relationship between water transparency and its color and the
visibility of shoals. For comparison, in-situ transparency data taken by oceano-
araphic ships was mapped. The resulting global maps of coastal water clarity in-
dicate that about 35 percent of the world’s coastal sea floor can be mapped out to

20 melers depth by aerial photogrammelry.

be very sparse for coastal regions of most of
the world. Accordingly, many extrapolations
were made using more abundant types of
oceanographic data on features such as
estuarine-delta outflow, distribution of nutri-
ents, zones of coastal upwelling and coral reef
distribution.

The qualitative determination of water
clarity from GEMINI photography was done on
the basis of (i) apparent water color and (ii)
the visibility of shoals through the water.

METHODS
IN-SITU DATA (NONSPACE)

Figures 1a and 1b are the result of compila-
tion and extrapolation from Naval Oceano-
graphic Office Secchi disk transparency data

* Now at Hawaii Institute of Geophysics, Univ.
of Hawaii, Honolulu, Hawaii 96822.

Four basic assumptions governed theextrap-
olations of transparency data:

(i) Water becomes more turbid as the shore-
line is approached from the open ocean. In-situ
data was seldom taken as close to shore as would
be desired for this study. Extrapolation into the
coastal zone inshore of the 20 meter isobath or to
within ten miles of shore should consider that, in
most places, transparency is proportional to dis-
tance from shore (34, figure 1).

(if) Offshore of major estuarine zones of the
world oceans, water clarity is proportional to
salinity. The 33.5 percent isohaline (22, figure 1)
was found to delineate reasonably well those
coastal waters with less than 20 m Secchi visibil-
ity, as exemplified by the Yellow, Yangtze,
Mekong, Ganges, and Mississippi River delta
areas, and was therefore used as a criterion for
marking turbid water from the [rrawaddi,
Congo, Amazon, and Rio Uruguary (also see 7,
39). Water at deltas of these rivers is charted
here as having less than 5 m visibility.

(iii) Attenuation of light in water increases
with increasing organic matter (16, 17, 18, 19,
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F1G. la. Coastal water clarity by extrapolation from in-situ data.

25, 31, 32, 33, 44). The correlation between the
chart of transparency in Joseph's figure 17 (18)
and the chart of water color in Ryther’s figure 18
(33) is excellent.

(iv) Living coral reefs occur only in fairly
clear water. Areas containing coral reefs (43)
were assumed to contain water no more turbid
than 5 m Secchi.

Due to lack of nearshore data, Figure la
and 1b of this report are not expected to re-
flect the zone closer than two miles of shore.
No attempt has been made to show harbors,
lagoons and other small scale features.

GEMINI PHOTOGRAPHS

Figures 2a and 2b show water clarity as
derived from analysis of 92 selected 70mm
color transparency duplicates of photographs
taken by astronauts of GEMINI flight numbers
IV, V, VI, VII, IX, X, XII. The basis of the
method of analysis is the relationship between

water color and transparency (5, 8, 14, 17, 18,
19, 21, 24, 26, 28, 29, 30, 36, 37, 38, 39).
Figure 3 shows light attenuation as a function
of water color. This graph was compiled from
irradiance transmittance curves such as
shown in Jerlov (17) and from unpublished
Naval Oceanographic Office Data of Secchi
visibility versus color on Forel scale; the
width of the band indicates scatter of the
data. Applying this curve to GEMINI photo-
graphs, strongly discolored water was con-
sidered to be more turbid than 5 meters (ap-
proximately 70 percent light transmittance),
deep blue water is clearer than 20 meters
(92 percent), and all other intermediate water
is between 5 and 20 meters transparecny.
The deep brilliant cobalt blue color of clear
tropical waters is caused by molecular scatter-
ing. As the content of dissolved organic yellow
substance and suspended matter in more
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F1G. 1b. Coastal water clarity by extrapolation from #n-situ data. (See Legend of Figure la.)

fertile waters increase, the decrease in trans-
parency is accompanied by a shift in color
from blue over green to yellow and brown. In
extremely turbid waters, the apparent color
approaches that of the sediment particles. In
clear water, where shallow reefs extend many
miles from shore, as in the Bahamas, the color
of the sea floor can be seen through the water,
and the water depth can therefore be esti-
mated on this tonal basis (10, 24). Along most
coast lines, the shallow sea bottom was not
seen due to the small scale of the GEMINI
photographs.

The photographs are high in red and ex-
cessive in blue, and deficient in yellow and
green. Color calibration strips at the ends of
film rolls showed that film processing did not
cause this color distortion.

The lavender tinting of scene as recorded
by the GEMINT cameras has traveled round trip
through the atmosphere (sun to earth and
earth to space-craft) and so the spectral dis-
tribution of sunlight has been distorted fwice
as much as the sun light we see at ground
level. Two processes have changed the color
distribution: (1) absorption, and (2) scatter-
ing. (See 11, 15).

The absorption of light by dust particles
and water is a subtractive process and at-
tenuates most strongly in the shorter wave-
lengths (blue and green), passing red most
easily. Figure 4 shows the spectral distribu-
tion of (4) downwelling sunlight above the
atmosphere, and (B) sunlight at the earth’s
surface after the second absorption of blues
and greens. Curves (D) and (E) show trans-
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F16. 2a. Global distribution of coastal water clarity as extracted from GEMINI space photographs. (Season
variations were not considered.)
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F16. 3. Light attenuation as a function of water color. Sources: N, unpublished U. S. Naval Oceano-
graphic Office data (Secchi disk and Forel scale). /, Jerlov (16, 17). M, Moore (24). K, Kinney (21). C,
Clark (5). Dashed line, Curve used for this study. Width of shaded band indicates approximate extent of
data scatter and natural water variability.

mission percentage for one and two ways, re-
spectively.

The scattering of light by the molecules of
air is effective in the short wavelengths (blue
and ultraviolet) and is an additive process, as
far as color tint of space photographs is con-
cerned. The resulting blue luminance is visible
from the ground as skylight and from space

craft as a hazy layer that adds a blue hue to
ground and sea surface.

RESULTS AND RECOMMENDATIONS

GLOBAL DISTRIBUTION OF COASTAL
WATER CLARITY

The global distribution of coastal water
clarity is summarized Table 1.

F1G. 2b. Global distribution of coastal water clarity as extracted from GEMINI space photographs. (Season
variations were not considered.) (See Legend of Iligure 2a.)
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of atmospheric color distortion observed from
space.
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The results of this study indicate that,
where speed is important and the water
clarity is better than 5 m Secchi, coastal sur-
veys of bathymetry out to 20 meters depth
should use aerial photographs simultaneously
with airborne laser fathometers. Aerial pho-
tography will enable synoptic depth cotour-
ing and shoreline mapping, and the pulsed
laser will directly give a depth profile and ex-
tension to water depths and/or turbidity
beyond photographic capabilities.

GEMINI PHOTOGRAPHS

The correlation between Figures 1a and 1b,
constructed only from in-situ data, and
Figures 2a and 2b, made only by the analysis
of GEMINI photographs, demonstrates the
feasibility of coastal water classification from
space photography.

It is recommended that, for oceanographic
purposes, spacecraft photography should be

% S d‘é? made with metric cameras in multi-spectral
Y F &I L 7 vith color film with strong minus-

> o & L& & array or with co th s g
T, A== blue (dark yellow) filters or film without the
4000 5000 6000 7000 blue emulsion layer. This will cause clouds to
WAVELENGTH (ANGSTSROMS) appear yellow—no disadvantage to the
«ULTRAVIOLET INFRARED—> oceanographer or geologist—but will help

TaBLE 1. GLOBAL DISTRIBUTION OF COASTAL WATER CLARITY
Percent Percentage
Transmission — of World Where Found

Per Meter

Coastlines

Implications

0 to 709%
(0 to 5 m Secchi)

70 to 929,

(5 to 20 m)

more than 929,
(over 20 m)

more than 959,
(over 30 m)

15%

50%

o7
3 /0

10%

Near all deltas of major rivers drain-
ing humid areas (e.g. Louisiana,
China)

Coastal water in temperate and arctic
regions. Found also in tropics
where upwelling occurs (West Af-
rica, West Coast of S. America,
N. W. Australia).

Tropical and Mediterranean water in
areas free from upwelling (Carib-
bean, Mediterranean, S. E. Brasil,
Madagascar, East Australia).

Lesser Antilles, Eastern Mediter-
ranean, Hawaii, S. W. Pacific Is-
lands.

Not amenable to optical methods of
bathymetric survey to 20 meters.
Sonar needed.

Amenable to optical airborne bathy-
metric survey by laser fathometer
to at least 20 meters depth.

Amenable to airborne laser bathym-
etry to over 40 m depth. Amenable
to aerial photographic depth con-
touring to over 20 m depth.

Amenable to airborne laser survey to
over 60 m depth. Amenable to air

photo contouring to over 30 m
depth.
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prevent the unwanted blue fogging that de-
graded the GEMINI imagery.

Wide-angle lenses are preferred because
this enhances the prime advantage of space-
craft photography—Ilarge synoptic coverage.
The wide-angle GEMINT photography was the
most useful for the present study.

SuMMARY AND CONCLUSIONS

Space Photography can be used for map-
ping coastal water types.

On a yearly average, 85 percent of the
world’s coastal water is sufficiently clear for
the use of an airborne laser fathometer for
mapping sea floor topography from shore out
to at least 20 meters depth; 35 percent is clear
enough for mapping by aerial color photo-
grammetry to at least 20 meters depth and
for laser sounding to more than 40 meters; 10
percent is clear enough for aerial photography
to more than 30 meters.
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