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ABSTRACT

A series of multispectral aerial photographic missions were flown over
the Chowan River of North Carolina to study and evaluate possible uses of
multispectral photography in planning for and management of North Carolina's
water resources. Flights were also made over parts of the Cape Fear River and
Northeast Cape Fear. The report describes how the technique might be used to
trace pollutants associated with turbid water and how water draining from the
swamps might be traced in largér water bodies, The technique has potential
usefulness for monitoring phytoplankton buildups and can be used even if only
limited groundtruth is available.

Areas of apparently differing water quality were monitored by the multi-
spectral photography both in the Chowan River and in the Northeast Cape Fear
River. A technique was developed by which the difference between the extinc-
tion depths of a red quadrant and a white quadrant on a modified Secchi disc
can be used with water sampling and analysis to obtain biomass concentrations
indirectly. This relationship can be one of the groundtruth measurements
used to establish relationships between the reflectance characteristics of a
water body and various water quality parameters directly or indirectly.

Multispectral aerial photography can be utilized to give a symoptic and
essentially simultaneous view of the reflectance characteristics of a moderate-
sized water body. By using the technique the investigator can isolate the
part or parts of the spectrum which will provide the required information
about one or more water quality parameters; varying reflectances from within
narrow bands of the red and green portion of the electromagnetic spectrum can
serve as guides to phytoplankton concentrations and to verti?al distribution
of suspended particulate matter imn coastal water bodies. Color additive view-
ing and density measurements are used to quantify various Waﬁer quality param-
eters over relatively large areas in a short time compared té the time required
to gather similar information by means of boats, It appears that for some

water quality studies this procedure can be cost-effective.
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SUMMARY AND CONCLUSIONS

Multispectral photography has been used to study the Chowan River in
northeastern North Carolina. Two general purposes existed for the investiga-
tion: to ascertain potential uses of the multispectral photographic tech-
nique for water planning and management in North Carolina and to provide
information about the Chowan River. A series of examples showing potential
uses for the technique is described; each example has been chosen to show
not only the capabilities of the multispectral photographic technique, but
also something about the Chowan River system.

The study outlines some of the ways in which multispectral photography
can be used to measure water quality parameters and how it can be used to
monitor dispersal of pollutants and water of differing quality in the streams
of North Carolina. Examples of possible uses of the techmnique in water
resource planning and management are given, and the study has demonstrated
that the technique is useful for monitoring a range of water quality parameters
as long as there are spectral responses related to the parameters and as long
as the spectral responses can be recorded on film. The technique works best
when there are different spectral responses for different levels of the same
parameter or when the spectral signature representing the parameter occurs
over a narrow range of the electromagnetic spectrum. Use of narrow band fil-
ters in multispectral photography allows sepafation of a narrow band of
reflected energy, presumably diagnostic of a phenomenon and the recording of
the data on film separateﬁfrom other less diagnostic reflectances. Color
additive viewing of the resulting photography ailds in the understanding and
interpretation of the photography. Density variations on the multispectral
photographs can be related directly and indirectly to various water quality
parameters, and density measurements provide a mechanism for quantifying the
reflectances with respect to the water quality parameters.

It seems possible to relate reflectance characteristics of the water from
two widely spaced areas to water quality parameters in these areas and thereby
to make appropriate comparisons and evaluations. Even if only a limited amount
of groundtruth exists, it is possible to extend this information through

multispectral photography to other significantly large areas of a river such
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as the Chowan. The advantage of the photography is that it gives the investi-
gator a synoptic view of an area and its water quality at a particular time,

something that is not always possible with surface sampling, and it also pro-
vides a permanent record for future reference and comparisons. A moderately

large area can be covered in a relatively short time so that the photographic
record is essentially an instantaneous one,

Color additive viewing of the multispectral negative is among the most
useful of the special photo-optical techniques used to enhance the imagery.
Study of water bodies in the negative format appears to be preferred as the
subtle differences can be brought out more easily.

For quantification of the multispectral imagery, internal gray scale
standards (step wedges) and field internal standards are necessary. A method
has been deviéed during the course of this investigation to use various
objects of essentially constant reflection characteristics as internal field
standards. Potential use of a waste treatment plant, a swimming pool, and a
pond on a golf course as parts of a field internal standard is described.

Quantification of the photography requires film density measurements, and
for the kind of study described in this report,density slicing is the most
efficient method. If multispectral photographic monitoring of water quality
in many areas were to become routine on the part of state agencies, it is
necessary to digitize the photography and to use computer techniques to
interpret it.

Attempts were made to evaluate the technique as a rapid means of identi-
fying and measuring pre-visual phytoplankton buildup. Only the 24 June 1975
flight was timed to photograph key localities in the vicinity of Holiday
Island where records indicate the possibility of buildups. No definite pat-
terns of increased reflectance from phytoplankton could be ascertained; how-
ever, comparison of the limited groundtruth with the reflectance character-
istics of other parts of the River suggests that reflectances from phytoplankton
were recorded on the photographs of the Holiday Island area and that the phyto-
plankton concentrations were higher than in Edenton Bay.

Macrophytes were monitored at the juncture of the Meherrin River and
Chowan River and at the mouth of Rockyhock Creek. Also, at Rockyhock Creek
the reflectance differences between an algae-covered fish pond and one with

no algae were photographed as was a boat slip with the beginning of an algal
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bloom. Comparison of the red and infrared portions of the spectra are most
useful in detecting the beginning of an algae buildup when the algae are at
or near the surface.

Potential usefulness of multispectral photography as a technique for
monitoring dispersal of pollutants is demonstrated by studies of the U, S. 13
bridge area, the Meherrin River-Chowan River confluence, and the U. S. 117
bridge and Smith Creek areas on the Northeast Cape Fear River near Wilmington.
For water containing significant quantities of "yellow substance' and inorganic
material, the red band seems most sensitive., Dispersal of Meherrin River water
in Chowan River water and its ﬁossible modifying effect on the Chowan River
water were recorded near the U, S. 13 bridge on 21 February 1974 and on
27 February 1975, It seems possible to compare through the reflectances
recorded on multispectral photographs some water quality parameters from the
same site but from different times.

Although not discussed specifically in the report, the utility of the
technique for determining wetlands boundaries and for determining relative
moisture content of soils in the Coastal Plain has been demonstrated. The
utility of space-acquired imagery for wetlands mapping and for distinguishing
water and drier areas in wetlands is described.

The study included multispectral photographic monitoring of the junction
of the Meherrin and Chowan Rivers. Multispectral photography probably had
no advantage over conventional aerial photography using panchromatic film
when concentrations of suspended sediment were relatively high in the Meherrin
River and the reflectance differences could readily been seen. However, with
the dilution of the Meherrin River water by the Chowan River water readily
visible differences are lost at some point, even though the Meherrin River
water remains an identifiable entity for a measurable distance beyond this
point. The study of the Meherrin River-Chowan River junction shows not only
the effect of the Potecasi Creek water upon the Meherrin water, but also that
on occasion the Potecasi Creek water reaches as far as Tunis as an identi-
fiable addition to the Chowan River water. It also shows that the Potecasi
Creek water was ldentified using multispectral photographic techniques to
bring out subtle reflectance differences even though it could not be differ-

entiated visually from the air. Use of the information generated during the
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study could contribute to the design of an effective water quality sampling
program for the Meherrin and Chowan Rivers.

Finally, it is concluded from this study that although it is no panacea,
multispectral photography does have a role to play in water planning and
management activities. The technique can be used to obtain a synoptic view
of a water body and from the reflectances associated with various levels of
water quality to acquire information about dispersal of pollutants, turbidity
patterns, and phytoplankton buildups. In addition, it can provide a rela-
tively rapid turn-around time for monitoring activities. For those cases in
which conventional aerial photography will provide identical information,
multispectral photography is the less effective and more costly technique;
but for those cases where subtle reflectance differences need to be monitored,

its greater flexibility of interpretation is a distinct advantage.
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RECOMMENDATIONS

Results of this study indicate that multispectral photography is a
potentially useful tool for water planning and management activities in North
Carolina. Not all possible uses have been investigated; and it is apparent,
although not studied in detail during this investigation, that coastal wet-
lands mapping could make effective use of the technique. Monitoring of the
surface water regime in some of the bottomlands of coastal North Carolina
would be another appropriate use of the technique. Its usefulness in map-
ping the extent of flooding after the floodwaters have receded needs to be
investigated; it should have considerable use for this purpose.

Further work in North Carolina is needed to evaluate the multispectral
photographic technique as a means of monitoring phytoplankton buildup.
Special attention should be given to studies aimed at pre-visual detection of
the buildup so that the technique can be applied to water quality controls
and to monitoring effects of agricultural runoff., The technique should be
applied to studies of dispersal patterns of effluents, sediment, and swamp-
generated waters; and further investigations using the technique should be
undertaken to assess the effects of large-scale drainage of swamplands for
agricultural purposes upon nearby lakes in northeastern North Carolina.

One recommendation arising from the study is that the technique should
be used to verify certain aspects of mathematical models assigned to be used
as water planning and management tools. It can be useful for mapping disper-
sion of pollutants and inputs to major streams from their tributaries. Cer-
tain aspects of water quality monitoring in lakes should be a useful applica-

tion of the technique.
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INTRODUCTION

Multispectral aerial photography has passed from the pure experimental
stage of development to one in which it can be used in a practical sense.
However, each application of the technique requires careful evaluation of
those phenomena being sought and measured; and therefore, the technique
requires careful pre~flight planning in terms of filter selection and groundf”v
truth acquisition. The overall purpose of this investigation was to demon- -
strate the potential utilitarian aspects of the multispectral photographic
technique for water reéource planning and management in North Carolina and
to indicate various ways it can be effectively used to give a synoptic view
of water quality parameter distribution in contrast to the view obtained by
point sampling from boats. Within the general purpose also belongs use of
the technique to identify potential trouble spots and to show dispersion
effects. Two more specific objectives have been to demonstrate the method's
usefulness as a data—-collection tool in a broad hydrologic study of a specific
river system and to provide information about its ability to detect phyto-
plankton concentration differences in one of the major coastal rivers of
North Carolina.

Several potential investigations and test sites were outlined in the
original proposal., However, at the time work on the project commenced in
1973, it was decided to concentrate the investigative effort on the Chowan
River area (Fig. 1) because of the variety of test sites available and because
a comprehensive study of the area was being initiated by the Office of
Environmental Management, North Carolina Department of Natural and Economic
Resources. Thus, groundtruth information would be available if coordination
between camera overflights and sample collection could be worked out. The
initial proposal was predicated upon such coordination and cooperation as
facilities available to the principal investigator for water quality analysis
were limited. Algal blooms covering significant areas of the Chowan River
have been reported from time to time (B. Adams, personal communication,

1973; D. Howells, personal communication, 1973).
Because of the nature of the general test site chosen, it was recognized

early in the study that in some cases phenomena would be photographed
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multispectrally which could be recorded as well with conventional films and
techniques. However, these cases presented the opportunity to show the
nature of reflectance differences in the several parts of the electromagnetic
spectrum from "known" materials., With this information available, subtle
differences in reflectances related to water quality could then be sought

and aerial monitoring of water quality could become in some cases an effective
tool in water planning and management. Furthermore, the opportunity to study
repeatedly several sites permitted acquisition of a photographic record of
conditions at each site over a period of time. Thus, the discussion which
follows not only summarizes the results in terms of the multispectral photo-
graphic technique, but also it gives a summary of the various conditions
found at the specific test sites.

Optimally, aerial photography should be made under conditions of little
haze and cloud cover. However, in North Carolina phytoplankton blooms and
the need to have some warning of phytoplankton buildup occur during the late
spring and summer months when over extended periods of time conditions for
aerial photography are sometimes less than perfect. If the method is to be
useful on a routine basis, then the data collection and analysis system must
be capable of providing useful information not only in times of perfect
weather but also at times when there is haze and even some cloud cover.

Thus, another purpose of the invéstigation was to demonstrate and to evaluate
the controlling limits placed upon the method. by typical hazevand cloud con-

ditions in North Carolina.

Data Acquisition

Flights to collect photography specifically for’thié investigation were -
made in the Chowan River area on 6 September 1973, 21 February 1974, 27 Feb-
ruary 1975, and 24 June 1975 (on the 27 February 1975 flight two infrared
filters were tested for data acquisition). .The 21 February 1974 flight was
made in part to support vegetational analysis and lowland flooding studies
being conducted by the U. S. Geological Survey as part of the Chowan River
study. Color infrared photography, multispectral photography, and thermal
scanner data were collected on 9 August 1973 by NASA aircraft in conjunction
with a pass of SKYLAB over the area. Unfortunately, much of the area was

cloud-covered so that only a limited amount of the imagery from this flight



is usable. Parts of the Chowan River were photographed on 18 May 1973 and

29 July 1975 in conjunction with flights made for other projects. Several
other attempts were made to collect multispectral photography, but arrange-
ments for groundtruth acquisition could not be worked out and/or weather con-
ditions made flights impractical.

- Multispectral photographs of a part of the Northeast Cape Fear River
near Wilmington were made in an attempt to determine if multispectral
photography would detect any patterns of turbidity or evidence of the influ-
ence of Smith Creek discharge on the water quality of the Northeast Cape
Fear River. The outfall into the Cape Fear River of the Rhom-Haas plant in
Cumberland County was also photographed to see if the discharge from this
plant could be traced. These two experiments are described briefly in a
later section of the report.

Groundtruth information came from the data collected during the sampling
program of the Office of Environmental Management and from sampling done by
- project personnel at the time of overflights. The groundtruth data are sum-
marized in the Appendix, and sampling sites are shown in the several figures
describing flight limes. Fof some of the flights little or no groundtruth
was obtained. The September 1973 flight was made a few days after an algal
bloém had been reborted (B. Adams, personal communication, 1973). The system-
atic sampling brogrém of  the Office of Environmental Management had been
concluded by the time-of the 24 Jpne 1975 flight and had not begun at the
time of the 21 February 1974,flighf.

In the initial stages of the investigation, prior to the commencement of
the systematic éémp;ing program of the Office of Environmentai Management,
LANDSAT-1 imégery:ﬁas studied.  The purpose of this work was to determine if
the imagery could provide some clues concerning water quality differences on
the lower reaches of the Chowan River. Such information could serve as a
guide to selection 6f specific test sites for the aerial photography. The
imagery was also studied to ascertain if it would be.a useful source of
information for mapping vegetational differences and the possible extent of
lowland flooding along the zones bordering the River. If this information
could be extracted from the imagery in sufficient detail, use of the satel-

lite data could aid in design of a digital model of the Chowan River.




General Theory of Multispectral Photqg;aphyl

Multispectral photography is based upon the fact that the electromagnetic
spectrum can be broken into discrete intervals by choice of appropriate fil-
ters. In the case of photographic methods, the energy passing through the
filters is recorded on an appropriate film. Usually, some black and white
film which is sensitive over the desired part of the spectrum is chosen. Com-
monly, where the objects being photographed reflect in the near-infrared por-
tion of the spectrum, a film such as Eastman Kodak EK2424 is chosen so that
not only the appropriate parts of the visible spectrum but part of the near-
infrared spectrum may be photdgraphed.

Individual cameras, each with its own filter-film combination and each
approprilately synchronized with the others, can be used to phbtograﬁh a scene
or a single multilens camera can be used. Each lens has a filter which
restricts the part of the electromagnetic spectrum that can pass through the
lens to the film. In the case of the multilens camera, the same scene is
recorded on a single piece of filmjwhereas in the case of the multicamera
arréngements,several rolls of film must be used, The filter combinations may
be chosen so that there is some overlap between the parts of the spectrum each
will let pass or they may be selected so that there is none. For a particular
problem, the filters may be picked so that the energy recorded on the film is
from only one part of the spectrum; e.g., the red portion, in discrete steps.
On the other hand, only the blue and near-infrared portions of the spectrum
may be recorded by proper choice of filters. The selection of film-filter
combinations depends upon the problem presented and the nature of the reflec-
tances to be measured.

If the film is to be used for quantitative measurements, internal standards
must be placed on the film prior to its development; preferably, the internal
standards are placed on the film at its head prior to flight and on its tail
after the flight but before processing. By‘doing this, one can determine if

lThe mention of a specific piece of equipment or product by manufacturer's
name does not imply an endorsement of that piece of equipment or product, and
the mention is made only to clarify methods and techniques used in this
investigation.



there are any significant changes along the film attributable to processing.
The internal standard is most conveniently placed on the film by exposing a
photographic step tablet such as Eastman Kodak Step Tablet No. 3 onto the
film. This procedure is preferably done with a sensitometer; but lacking
this instrument, one can use a suitable enlarger with a high~intensity
light. In the present investigation a Durst SA5-EM enlarger with a HBO 200W
bulb was used.

The internal standard relates the exposure of the film and processing to
the actual filw demsity, and it is used to determine proper exposure and
development times for positives made from the negatives. Without the internal
standards as guides, special processing of film positives to bring out subtle
differences in reflectances becomes pure guess work. Discussion of the
importance and techniques of sensitometry in multispectral photography is
discussed in conmsiderable detail by Wenderoth, et al. (1974).

A need exists foxr some field internal standard at or near the site being
investigated. The purpose of this standard is to provide information about
solar radiation and haze effects on the actual photography. Ideally, this
type of standard would consist of a series of standard neutral gray panels
of known reflectance characteristics (Yost, et al., 1971). 1In the absence

of such panels, it seems possible to use two or more local features such as

. part of a parking lot, a given segment of a road with a white line, or the

runway of an airport with its markings as an internal field standard. Such
a standard can then be utilized when repeated flights over an area are

required. The two internal standards, field and laboratory, can then be used

. to guide film processing so that it is possible to distinguish between dif-

ferences due to photographic response of the phenomena of interest and dif-
ferences attribﬁtable to photographic processing, to differences in sun angle,
or to amounts of haze.

A third step in application of multispectral photography to a problem is
to synthesize or combine the separate photographs in a color additive pro-
jection system, Film transparencies are required. Such a system consists of
appropriate projection devices set up so that the projected individual trans-
parencies are registered upon one another on a screen. Coloréd filters are
then placed in the system so that each photograph is projected as a different
color. The different hues together with the brightness levels which arise

from the combination serve as guides to interpretation of the scenes. For
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water quality investigations it may not be necessary to use the positive for-
mat. Negatives from an individual flight can be used, but where the photog-
raphy is to be manipulated to bring out subtle details in the water, positives
may be required and a second set of negatives.

Theoretically, the reflectances from particulate matter and phytoplankton
suspended in water are a function of the concentration of these materials.,
The greater the amount of energy that reaches the film through the filter lens
system, the darker (denser) is the negative because of the increased formation
of silver halide. A direct relationship between film density and the concen-
tration of the material being photographed should exist. Thus, if the density
of the film is measured and there is adequate groundtruth available, a quanti-
tative relationship can be worked out between the film densities and the con-
centration of suspended material. Also, since the various wave lengths of
light penetrate water to different depths (Tyler and Smith, 1970) and are
reflected back to the surface with different intensities, it is possible to
use multispectral photography to determine vertical distribution of the sus-
pended materials. However, based upon the Secchi disc observations made
during the course of the investigation, significant light penetration was
probably no more than one meter and in most cases no more fhan 0.5 to 0.7
meter. It is unlikely that the photography obtained in this investigation
could be used for vertical stratification studies below about one meter.
Yet, in some cases the difference in reflectances between the near-infrared

band and the blue and green bands suggest that a vertical gradient does exist.



METHODOLOGY

Equipment and Film Processing

A Spectral Data Corporation Model 10 multispectral camera was used in the

investigation (Fig. 2). The camera can be mounted in an appropriately equipped

:aircraft, and it is light enough so that relatively small, single-engine air-

craft can be used. The camera photographs a scene through four separate 150 mm
lenses, recording the four pictures on 9,.5-inch aerial film, Because of the
construction of the lenses and the shutter openings, the image recorded on the
film subtends an angle of 20° in one direction and 37° in the perpendicular
direction.  Thus, at an altitude of 5000 feet above the terrain the camera

photographs an area 868 feet by 1673 feet at a scale of 1:10,000 (1 in =

833 feet). If any overlap is required in the photography, the minimum alti-

tude at which the camera should be flown is 1500 feet at an approximate ground
speed of 90 mph. This limitation exists because of the time required for

shutter recycling. Resolution of individual objects is dependent upon air-

craft speed, flight altitude above the ground, and the shutter speed used

along with the characteristics of the film used. Resolution was not a factor
in the present investigation,

-Flve filters were used in the course of the investigation. Curves show-
ing their characteristics are given in Fig. 3. In one part of the investiga-
tion (flight of 27 February 1975) two infrared filters were used on successive
overflights so that their respective effectivenesses could be evaluated.

On all flights Eastman Kodak EK 2424 black and white aerial infrared film
was uséd. Its spectral sensitivity curve is shown in Fig, 3. This film was
chosen so that the near-infrared portion of the spectrum could be recorded.
Film processing was done in a motor-driven development tank using DK-~50
developer at a temperature of 68°F. Devglopment time varied from 35 to 45
minutes, depending upon the exposure settings of the camera, upon whether a
film length of 125 feet or 250 feet was being developed, and upon the observed
haze conditions at the time of the flight,

Because the purpose of the September 1973 and February 1974 flights was
reconnaissance of the Chowan River area, step wedges were omitted. However,

in all subsequent photography internal standards were placed on the film. For
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most of the photography the U. S. 17 bridge near the mouth of the Chowan
River (Fig. 1) can be used as a field internal standard together with a park-
ing lot at its eastern end. Reflectance characteristics of the Windsor
Wastewater Treatment Plant and a nearby swimming pool are described later.
They also could have been used as internal standards if photographed earlier
in the investigation than they were.

The photography was evaluated in several ways. First, the negative was
examined on a light table, and those scenes in which significant information
appeared to be present were noted. Next, the photography was placed in a
Spectral Data Corporation Model 86 Color Additive Viewer (Fig. 2) and studied.
In its internal projection mode it enlarges the imagery four times. From
thig study scenes were chosen for reproduction to the positive format for
further examination. Also, areas on the Chowan River appropriate for further
inv%stigation were noted. } ,

| Eastman Kodak EK 2420 aeri%l duplicating film was used for the positive
transparencies which were contact printed on a Morse Model 10-A printer.
Exposure development times were determined by making densitometric measure-
menis on the step wedges on botg the negative and the positives printed from
them. Appropriate curves relating density and relative exposure were con-
structed, and the processing ofrpositives of selected scenes was done so that
their range of densities placed;them on the straight-line portion of the

characteristic curves (Wenderoth, et al., 1974).

Quantification of Images

Use of multispectral photoéraphy as a quantitative tool relies upon the
ability of the investigator to %elate the density of the film image to ground-
truth data. To do this, he must determine the density of the film, relating
this information to the water-related parameter he wishes to measure. Every-
thing else being equal, the film density difference will record differences
of reflection intensity which ih turn are theoretically related to differ-
ences in the water-related parameter, However, for the method to work, it is
necessary to isolate the key reflectances by means of the filtering system of
the camera.

In the case of the Chowan River water it appears that most of the param-
eters that can be measured photrgraphically are related to suspended particu-

late matter--in general terms, [the turbidity. The suspended material consists
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of clay-size particulate matter and organic material, except for the effluents
which are put into the river system from various waste treatment facilitiles,
For some cases, at least, the concentration of particulate matter can be
-related directly to some other water quality parameter (Clapp, 1972). Thus,
:én‘att;mpt’was made during this investigation to relate various water quality
parameters to the photographic record.

Blue-green (Cyanophyta) and green (Chlorophyta) algae have a character-
istic reflectance peak at about 550 nm and a lower peak at about 700 nm, The
blue-green algae also exhibit a reflectance at approximately 650 nm (Gramms
and Boyle, 1971; Clapp, 1972). Clarke, et al. (1970), have reported
that the spectral region between 670 and 700 nm is particularly sensitive to
the amount of chlorophyll present. Thus, it appears that for the available
filter set-up that the "red" (No. 352) and "green" (No. 351) filters should
prove most useful in detecting the presence of phytoplankton. Although the
narrow band filter No. 231 has its maximum transmittance peak above the upper
ref;ectance peaks of the green and blue-green algae, it, too, covers part of
the}spectrum associated with reflectance from these algae. If the algae are
on the surface, then filter No. 225 whose effective transmittance begins at
775 nm should permit the recording of the presence of phytoplankton., Meso-
phyll has a high reflectarce in this part of the spectrum (Myers, 1975, p. 1718),
and this portion of the spectrum should be useful for mapping emergent or

near-emergent macrophytes, such as Myriophyllum spicatum. The part of the

spectrum which this filter transmits is absorbed within a few microns of the
water surface., Examples of the information that can be collected using filter
No. 225 are described in a later section (e.g., Fig. 9). |

If the spectral response on the film can be identified with a particular
water quality parameter and the intensity of the reflection in a particular
portion of the spectrum related to the parameter, then the demsity of the film
can be related quantitatively to the parameter. There are various means by
which the density of the film can be measured. A number of points on the film
can be measured with a microdensitometer; a series of density profiles can be
run across the film using a recording densitometer; or an image analyzer of
some type may be used. Commonly known as a "density slicer" this type of
instrument measures the various density levels and converts them to a color-

coded image which is displayed on the screen of a closed-circuit TV system.
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A Spatial Data Model 703 32-step Image Enhancer was used to make density
measurements.

Combinations of two or more of the separate images of a single scene in
the color additive viewer can provide both qualitative and quantitative
information about the concentration of the water quality parameters respon-
sible for a particular reflectance., By controlling the intensity of the
lights in the viewer and by controlling the filter combinations, the investi-
gator can convert density differences on the film into color which then can
be related to the concentration of the particular parameter. In effect, a
ratio is made of the demsities of the images, the ratio being expressed as a
color. Ideally, the color differences should be measured instrumentally
(Yost, et al., 1974), but it seems possible to make semi-quantitative inter-
pretations from the color patterns projected on the screen of the color addi-

tive vievwer.

Isoluminous Investigations

Subtle water detail on multispectral photography and imagery can sometimes
be enhanced by cancelling the brightness factor of the individual images. The
effect is to create a set of multispectral images in which the density differ-
ences on the film are solely a record of the hue and saturation differences of
the scene. The removal of the brightness effect is accomplished by photo-
graphic masking techniques described in Yost and Wenderoth (1970) and Wenderoth
and Yost (1974).

Selected scenes were chosen for study by isoluminous techniques in hopes
that subtle details of water mixing and subtle patterns of phytoplankton dis=-
tribution might be brought out., It appears that for the Chowan River photog-
raphy collected during this investigation the isoluminous techniques have no
particular advantage over the normal positives and negatives. This is not to
say that under other conditions and at other times that the techniques would
not be useful, but only that they did not improve the interpretability of the
photography made during this investigation. ' '

Use of Polaroid Film

Multispectral positive transparencies should have,in addition to a low
minimum density and low base plus fog,nearly identical gammas (slope of the
film's characteristic curve) on each of the multispectral records if the

reflectance of the objects of interest are approximately the same on each
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filter band (Wenderoth, et al., 1974, p. 8-37). This relationship can be
attained in one of two ways. The first, and most obvious, is to have exposures
through each lens chosen so that the original exposure on the negative attains
this goal., If the negative is not ideally exposed, then the balancing can be
done in the course of printing the positive transparency. This balancing is
accomplished through use of appropriate sensitometric measurements and through
careful control of the exposure and development times of each of the four
images. It is at this point in the process that the presence of a step wedge
on the film becomes critical. The step wedge is used to establish the respec-
tive exposure and development conditions so that the required characteristic
curve slopes (gammas) may be achieved (Wenderoth, et al., 1974).

In the absence of a need to show in the color additive viewer the same
spatial resolution on the screen as is on the original negative, Polaroid
Type 35 positive-negative film may be used to copy specific scenes. From
this type of film a "negative" transparency of the original and a paper print
which reproduces the original may be obtained. The Polaroid film is used in
a copy camera which can be placed over the original negative on a color-
balanced light table. Each image from the particular scene can be copied
individually at a different exposure and to a certain extent a different
development time. The individual transparencies can be placed in the color
additive viewer and examined or copies of the same scene from different flights
can be placed in the viewer and compared.

By using this method one can arrive at approximately the same character-
istic curve slope (gamma) for all four images fairly rapidly and without
extensivevsensitometric measurements. The step wedge which has been placed
on the film can be photographed at different exposures with the Polaroid film
and from the résulting transparencies one can obtain a good approximation of
the exposures necessary to balance the four frames of an individual scene or
to balance the frames from two different scenes. The technique also allows
relatively rapid production of positives of two different scenes to be used
for compérative work., One disadvantage to the present investigation of this
method was that the copy camera available had a fixed focal length. Use of
the camera resulted in a reduction of the image by approximately one-third.

The chief disadvéntages to use of the Polaroid film are that it has a
lower density range than the EK 2420 aerial duplicating film and that it has
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a higher base fog. On the other hand, its ease of use for some purposes off-
sets the loss of tonal range in water quality studies where the interest is
in relatively large areas and broad patterns rather than points. The Polaroid
film did record the most subtle of the density differences recognized on the

negatives made during this study.
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RESULTS

Use of Satellite Information

To obtain a synoptic view of the Chowan River area and to evaluate the
use of satellite data as a first-level source of information about water
quaiity, the investigator examined LANDSAT-1 (ERTS-1l) images. It was hoped
‘ that they would provide clues to possible specific test sites for multi-
spectral photography in the Chowan River area. Previous study of LANDSAT
imagery of Albemarle Sound had indicated that it would prove useful for this
purpose. No groundtruth was available for the images studied; but nonethe-
less, it was believed possible to recognize circulation patterns and to iden~
tify areas of possible phytoplankton buildup. Previous work on satellite
imagery had indicated the value of this type of information for circulation
and phytoplankton studies as well as for delineation of wetland areas and for
mapping areas of differing moisture levels witlin the wetlands.

The images studied are listed in Table 1. They were examined in the
black and white format as well as in a color additive viewer. Study scales
ranged from 1:1,000,000 to 1:62,500. The largest scales were achieved by
enlargement from the 70 mm negatives. The enlarged transparency was placed
in the color additive viewer where it was projected in the internal projection
mode of the viewer to a scale of 1:62,500.

Table 1

LANDSAT-1 Images

Image No. Date
1133~15150 3 December 1972
1205-15150 13 February 1973
1439-15125 "5 October 1973 -
1475-15122 .10 November 1973
147615180 11 November 1973
1493-15121 28 November 1973

Band 5 of the imagery proved most useful for separating vegetational dif-

ferences in the areas adjacent to the River; tonal and pattern differences
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were the chief clues. The low, wetter areas with a cypréss—dominated tree
cover appear darker than the higher, generally drier areas which are domi-
nated by pines. Mapping of the wetlands was done at a scale of 1:125,000
through the 4x projection enlargement of 1:500,000 transparencies in the color
additive viewer. Details are lost at a larger scale.

By use of three of the bands, including one of the near-infrared bands,
it was possible to outline areas within the wetlands which contained more
moisture than the surrounding areas. Images 1133-15150 (3 December 1972)
and 1205-15150 (13 February 1973) were used in this study. Figure 4 shows
the pattern of the more wet areas within the wetlands based upon an inter-
pretation of these images. Image 1133-15150 was made shortly after a period
of moderate rainfall. Image 1205-15150 was made following a snow storm, and
other parts of the image record the presence of snow on the ground. All
images studied recorded particularly well the ridge and swale topography on
the east shore of the Chowan River opposite the mouth of the Meherrin River
(Fig. 1). | |

The LANDSAT imagery was best utilized for study of possible water quality
differences on the stretch of the Chowan River south of Holiday Island.

Image 1205-15150 (Fig. 5A) is particularly instructive. What appears to be
the pattern of relatively clear water from Keel Creek mixing with Chowan River
water extends southward to the vicinity of Colerain. On Band 5 (600-700 nm)
of the imagery the water coming from Keel Creek appears darker tham the
Chowan River watér indicating a lower suspended solids content. A low
reflectance pattern recorded (Fig. 5) is recorded near the mouth of the
Chowan, Variations of this pattern are seen in other images., The higher
reflective areas indicated in Fig. 5B are areas in whiéh the water of Albe-
marle Sound contained higher suspended solids loads. Based upon the sample
data from February 1975 and upon the sequence of reflection patterns found at
the mouth of the Chowén River on LANDSAT imagery, it is estimated that the
lowest reflective area contained an average'suspended solids load of 10 mg/l
or less in contrast to a load of 30 to 40 mg/l or more for the area of great-
est refiectivity.

Variations 1in Chowan River reflectance patterns were studied by compar-
ing the LANDSAT images from different times, To illustrate this comparison,
an interpretation of Image 1475-15122-5 made on 10 November 1973 (Fig. 6) is
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Fig- 5A. LANDSAT-I IMAGE [205-15/50-5. I3 Feb. 1973
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given, At this time relatively higher reflectance areas were concentrated
near and along the shore at either end of the U.S. 17 bridge, Also, the
Edenton Bay area had a comparatively lower reflectance than the southern
one-half of Albemarle Sound. The water draining from Keel Creek appears to
be of about the same reflectance as that of the Chowan River. Areas of
higher reflectivity represent areas of greater water turbidity and pre-
sumably areas of similar water quality in contrast to the lower reflectance
areas which are of lower turbidity and differing water quality. Variations
of turbidity within the higher reflectance area are also recorded.,
Microscopic examination of LANDSAT Image No, 1583-15100-5 for 26 Feb-
ruary 1974 shows the existence of a reflectance difference between the
Meherrin River and Chowan River waters., A similar reflectance difference
was observed and photographed during the 21 February 1974 flight (Fig. 13)
with the multispectral camera, The small scale of the satellite imagery
does not permit any more than the recognition of the differences, and larger
scale photography is required to map the dispersion and mixing associated
with the confluence of the two rivers (Fig. 13). However, the dark gray to
black water of the Chowan River is easily traced to the vicinity of Franklin,
Virginia, on both the Band 4 (500-600mm) and Band 5 (600-700 nm ) imagery.

Test Sites

Study of the multispectral LANDSAT-1 imagery suggested several areas
that' should be investigated with'multispectral aerial photography., In addi-
tion, a list of industrial and municipal discharge points along the Chowan
River (0ffice of Environmental Mgnagement, personal communication) was
obtained. Consideration was givén to evaluation of the inpuﬁ from streams
tribhtary to the Chowan, and dis¢ussions with Mr. Grover C. dook of the Office
ofAEbvironmental Management and with Dr, A, M. Witherspoon of North Carolina
Staté University, Department of Botany, guided choice of test sites and, thus,
flight lines. In addition to considerations related to possible existence of
photographically responsive phenomena, the potential availability of groundtruth
entered into the final choice of flight lines,

Point sources whose discharges were considered to be of potential interest
to the investigation are listed below:

1. Town of Winton

2, Farmers Chemical Association, Inc., near Tunis

3. Town of Colerain
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4, United Piece Dye Works

5. Perry-Wynn's Fish Company

6. Cannon Fish Company

7. Parker's Ferry Fish Company
The approximate location of each of these sources is shown on Fig. 1. Rivers
and streams whose discharge to the Chowan seemed most interesting for photo-
graphic monitoring included the Meherrin River, Mud Creek, Catherine Creek,
Rockyhock Creek, and Keel Creek (Fig. 1). Consultation with Dr. Witherspoon
brought out that an important area of phytoplankton buildup lies between
Holiday Island and the eastern bank of the Chowan River. The space imagery
pointed to the mouth of the Chowan River south of the U.S. 17 bridge and to
Edenton Bay as potential test sites.

Flight lines were planned to investigate most of the sites on at least
two occasions. In addition, the Edenton waste treatment plant was photographed
in conjunction with the Edenton Bay flight lines, and a waste treatment facil-
ity and a swimming pool adjacent to U.S. Highway 13-17, about five miles south
of Windsor (Fig. 1) were photographed to establish the photographic response
of 5 range of reflectances whose water quality is generally known. Detailed
descriptions of representative'iﬁagery are presented in the following

disqussion.

6 September 1973 Flight
’ ' Multispectral aerial photography was taken on 6 September 1973 between
12300 noon and 12:30 p.m. EDT, at an altitude of 4000 feet above the ground (Fig.7)

along several lines from Keel Creek south to Edenton Bay. Scattered cloud

cover between 4000 and 6000 feet resulted in cloud shadow on some frames.
Groundtruth for the flight was collected by the Office of Environmental Man-
agement at nine sites on the Chowan River. Their locations are shown in
Fig. 7, and their analyses are given in Appendix I.

Although the groundtruth points are widely spaced, it appears that the
data can be used to guide interpfetation of the Chowan River water quality
patterns. Plotting of the data given in Appendix I shows some generxral trends
which bear upon the ability of the multispectral photographig system to pro-
vide useful information. Because only nine sample points are available for
analysis, only general trends caﬁ be recognized at best.

There seems to be a positivg correlation between the chlorophyll con-

centration and the volatile content of the samples., As might be expected, a
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general positive correlation exists between the total solid content and the
surface turbidity. Surprisingly, a general negative trend seems to exist
between the Secchi disc depth and the total solids content; those sample

sites from which samples with greater total solid content came have a greater
Secchi disc depth. The color analyses show a general positive correlation
between color unit values and the chlorophyll content and between the color
unitsvand the total suspended solids up to color units values of approximately

70 where the curves appear to flatten.

Edenton Bay Area

The line flown south-southeastward from Edenton into Albemarle Sound
(Fig. 7) crossed a boundary between two water masses of apparently differing
quality. At least each mass had a slightly different reflectance. Also, the
west~to-east line beginning in the vicinity of Black Walnut Point crossed
part of the area. Sample Station CR-2A (Appendix I) lies at the southern edge
of the first frame on this line., Sample site CR-T lies outside the Edenton
line, but the information from the sample appears useful to the investigationm.

The photography made along' the flight line starting near Black Walnut
Point does not show any significant reflectance differences from one end of
the line to the other when examined on a light table or when studied in the
color additive viewer. This relationship suggests that the general water
quality parameters given by sample CR-2A extend the length of the flight line.
Therefore, in the absence of more detailed sampling the color renditions
obtained in the color additive viewer can be correlated with the sample data.
Specifically, the color unit-chlorophyll content, the color unit-total
suspended solids, and the chlorophyll-total volatile curves appear useful.

Figure 8 shows a series of four multispectral photographs taken at the
position shown on Fig. 7. If the densities shown in this series of photo-
graphs can be correlated with.the overall water quality as is indicated, then
the darker phase may be correlated with the general water quality parameters
given by sample CR-2A collected near the wést bank of the Chowan. In Fig. 8
the contrast between the light and dark water masses is best seen in the red
(Filter No. 352) and green (Filter No. 351) portions of the spectrum. No
sample was.collected from an area believed to be representative of the

lighter area. However, the higher reflectance is suggestive of the presence
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Blue: Filter No. 350

Green: Filter No. 351

Red: Filter No. 352

Infrared: Filter No. 225

Fig. 8. Edenton Bay Multispectral
Photography
1:8,000 Original Scale
6 September 1973; 12:30 hrs.
EDT
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of a comparatively greater concentration of phytoplankton, and the potential
presence of such a greater concentration is strongly suggested by the sample
from Station CR-2A as well as others upstream.

, If the chlorophyll-total volatile solids curve is useful, then the higher
volatiles content for Station CR-T compared with the sample from CR-2A indi-
cates that there should be present in the sample from CR-T a higher chloro-
phyll content than is shown in the analyses, If the data from Station CR-T
can be extrapolated to the higher reflective area, then it can be concluded
that the lighter area in Fig. 8 is recording the presence of a higher phyto-
plankton concentration than is present in the darker area.

The optical density differences between the two water masses illustrated
in Fig., 8 were measured with a 32-step density slicer on a Polaroid positive
transparency. The density difference is 0,15 for the positive of the green
band image; the blue band shows a density difference of less than 0.05, and
the density difference of the red band is 0.20 to 0.25 depending upon the
position along the interface. These values suggest a general absorption in
the blue band in the lighter area of Fig. 8, a phenomenon which is to be
expected if a significant difference in the biomass concentrations of the two
areas existed.

Determination of the density value of each of the water masses then per-
mits construction of a curve which relates the reflectance in the red or green
portion of, the spectrum as measured by film density to the concentration of
volatile material. If the chlorophyll content is proportional to the algal
concentration and the quantity of volatile material is proportional to the
chlorophyll concentration, then the reflectances as indicated by the density
of the film can be used as a measure of the algae biomass, Reflectances from
other parts of.the River may be used to estimate the amount of volatile
material present, and from the volatile-chlorophyll relationship the relative
amounts of algal material may then be estimated. Since there is no informa-
tion about phytoplankton biomass concentrations, it is not possible to esti~
mate the algal concentrations directly for comparisoﬁ with the photographic
response of the Chowan River. The uniformity of the reflectance from the
infrared band implies that the phytoplankton, if present in significant

quantities, were located more than a few microns below the water surface,
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