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Correlation between
Multispectral Photography and
Near-Surface Turbidities*

An empirical relationship between spectral response in four-band
multispectral photography and near-surface turbidities in the
Ross Barnett Reservoir was found.

INTRODUCTION

D URING THE PAST DECADE, the descrip
tion and measurement of hydrographic

and aquatic systems through remote sensing
techniques has become the focus of a sig
nificant amount of scientific research. Al
though several researchers have correlated
and modeled the spectral signatures of vari-

multispectral photography. This paper pre
sents a technique and model for correlating
turbidity with composite multispectral
photographs.

THE TEST SITE

The test site for this project is the Ross
Barnett Reservoir, a man-made lake of less

ABSTRACT: Four-band multispectral photography, obtained from an
aerial platform at an altitude of about 10,000 feet, has been utilized
to measure near-surface turbidity at numerous sampling sites in the
Ross Barnett Reservoir, Mississippi. Correlation of the composited
photographs with turbidity measurements has been accomplished
via an empirical mathematical model which depends upon visual
color recognition when the composited photographs are examined
on either an [2S model 600 or a Spectral Data model 65 color
additive viewer. The mathematical model was developed utilizing
least-squares, iterative, and standard statistical methods and in
cludes a time-dependent term related to sun angle. This model is
consistent with information obtained from two overflights of the
target area-July 30, 1973 and October 30, 1973--and now is being
evaluated with regard to information obtained from a third over
flight, on November 8, 1974

ous water parameters, few have attempted
quantitatively to correlate turbidity with

* A portion of this work was discussed at the
Ninth International Symposium on Remote Sens
ing of the Environment, Ann Arbor, Michigan,
April 1974.

than 40 feet maximum depth, on the out
skirts of Jackson, Mississippi. The 30,000
acre reservoir, completed in the early 1960's
by damming the Pearl River, is a focus not
only for recreational use, but also for resi
dential growth. More than 200 new houses
have been built in restricted subdivisions
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bordering the reservoir since 1968. In addi
tion to residential and recreational uses, cot
ton and soybean production, traditionally
characteristic of this area, occurs within 100
yards of some areas of the shoreline.

Although this paper concerns only one
parameter of water quality, the Ross Barnett
Reservoir remote sensing project, a mul
tidisciplinary research effort, is much
broader in context and spatial scope, dealing
with land use, sedimentation, water quality
and their interrelationships over approxi
mately 20 square miles. Data for this paper
was acquired from two distinct areas of the
reservoir study area, Alford Cove and Fan
nin Landing, each smaller than 2 square
miles in size (Figure 1).

Alford Cove, the smaller of the two sites,
is located adjacent to a recently developed
subdivision. Homes within the development
have been constructed since 1968, and each
occupies a relatively large and heavily
wooded lot. The majority of the homes hav
ing frontage on the water also have boat
docks. Alford Cove has been repeatedly
dredged in order to permit usage of pleas
ure craft. The Fannin Landing area is
characterized by cotton production, planted

ROSS BARNETT RESERVOIR
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FIG. 1. Map of the Ross Barnett Reservoir
with the specific target areas, Alford Cove
and Fannin Landing, indicated.

pine, mixed hardwood-pine forests, and rec
reational uses, all within 100 yards of the
shoreline. The shoreline in the vicinity of
the boat ramp at Fannin Landing is similar to
the shoreline in Alford Cove: both resemble
submergent forms, with 18 inches to 2 feet of
vertical relief between the water surface and
adjacent land. However, in the cotton fields
area along the north shore of Fannin Land
ing slopes are gentle and there is no sharp
relief discontinuity between water surface
and land. Also, the vegetation milieu along
the cotton fields shore consists of a variety of
aquatic and wetlands species not found in
Alford Cove or elsewhere at Fannin Land
ing. Water craft activities at Fannin Landing
are considerably less than in Alford Cove.

Water sampling sites were selected in Al
ford Cove and in the Fannin Landing vicin
ity to correspond with a variety of onshore
land uses with the objective of relating land
use with sedimentation and water quality. A
series of water sampling points, shown in
Figures 2 and 3, were established in grid
patterns initiated within a few feet of the
shore to more than one-quarter mile from the
shore. This pattern of water sampling points
provided a means of monitoring and distin
guishing near shore phenomena from
phenomena which characterize more open
water.

WATER SAMPLING

Near-surface water temperature, secchi
disc visibility, and relative humidity were
measured at each site. At each site samples
were taken for turbidity, apparent water
color, conductivity, and suspended sediment
load measurements. The latter two were
conducted in our laboratories several days
after each overflight, but turbidity and appar
ent water color measurements were con
ducted at the reservoir within two hours of
the time the samples were taken. During this
two-hour interval the samples were stored in
covered ice chests at O°C to 5°C in order to
minimize changes in turbidity in the sam
ples. Turbidities, apparent water colors, and
conductivities were measured with a Hach
DR/2 Field Spectrophotometer.

Suspended solids were measured by filter
ing and subsequently evaporating to a con
stant weight a 4 liter sample which had been
taken near the water surface.

CAMERA AND IMAGERY FORMAT

Imagery utilized in this study was gener
ated via a 100mm focal length PS multiband
camera loaded with Eastman black-and
white infrared film type 2424. The respec
tive bands (blue, green, red, and near in-
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FIG. 2. Water Sampling Sites in the Alford Cove Region. Sampl
ing Sites are depicted by 0.
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FIG. 3. Water Sampling Sites in the Fannin Landing Region.
Sampling Sites are depicted by 0.

frared) were filtered through 47B, 57A, 25,
and 88A filters. The sensor package was
flown at 10,000 feet, yielding a negative
scale of approximately 1:33,000. Imagery
scale when viewed on the I2S Mini-Addcol
Model 600 color additive viewer was approx
imately 1: 13,200. When viewed on a Spec
tral Data Model 65 color additive viewer, the
negative scale was enlarged to approxi
mately 1: 10,200. Both viewers were utilized
in this study.

MISSIONS

Seven photographic missions were flown

prior to January 1, 1974. Of these, several
produced multispectral photographs which
were not suitable for analysis. One mission
produced photographs which were of high
quality but did not include enough of the
sample sites to be statistically useful in this
study. Consequently this study is based
upon photographs obtained from two
missions-July 30, 1973 and October 30,
1973. High quality photographs obtained
from a mission flown on November 8, 1974
are currently being analyzed.

Atmospheric conditions for both flights
were satisfactory. Rainfall in the vicinity of
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1 750 738 744
2 738 712 725
3 712 680 696
4 680 666 673
5 666 654 660
6 654 642 648
7 642 630 636
8 630 616 623
9 616 600 608
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TABLE 1. A DESCRIPTION OF THE COLOR ZONES.

ALFORD COVE

10

on a color additive viewer between 600 nm
and 750 nm, though in all likelihood other
spectral regions would be as satisfactory.

The spectral regions from 600 nm to 750
nm was separated into nine color zones, each
readily discernible to the human eye and
distinguishable from the Q...ther color zones.
The median wavelength, A, for each color
zone was used to represent that color zone in
subsequent modeling. The color zones are
described in Table 1.

FIG. 4. Graphical correlation of measured near
surface turbidity values for samples from Alford
Cove with 1.; for the two overflights. Error bars
represent the 95 per cent confidence level.

CORRELATIONS AND MODELING

The following technique was developed
to investigate the multispectral photographs.

1. For the Alford Cove (AC) and the Fannin
~anding (FL) sites, the graphs of turbidity versus
At (Figures 4 and 5) were analyzed by least

IMAGERY ANALYSIS

Sequential seasonal imagery posed two
problems, both of which had to be
rationalized in order to correlate turbidity
with signature of composite multispectral
imagery. The first problem concerned the
compatibility and comparability of the tonal
signature of each imagery set. Second, con
sistency in signature registration of compos
ite multispectral photographs on the color
additive viewer had to be achieved between
the two sets of imagery. Inspection of the
film indicated that both sets of imagery were
of good tonal contrast and,that the tonal sig
natures obtained were compatible. Even
though there were some color shifts due to
both seasonal variations and film quality, the
correlations necessary for construction of the
predictive model (shown below) were not
hindered. The authors feel that perception of
any color shifts on our imagery was due to
seasonal conditions rather than film or view
er variations.

A third problem related to film quality is
the necessity of having imagery that, when
viewed on a color additive viewer, produces
high contrast. Even in the analysis ofone roll
of imagery, it is necessary to have good con
trast in order to produce optimum correla
tion of composite photograph signatures
with measured turbidities at numerous sam
ple sites. Needless to say, sun glint is un
wanted. For that reason both missions were
flown at approximately 9:45 A.M., local time,
so that sun glint was minimized.

The procedure which allows mathematic
correlation of composited multispectral
photographs with measured near-surface
water turbidities was based upon two
criteria: (1.) that optimum color contrast is
obtained with the color additive viewer; and
(2.) that water depth effects can be ignored.

These criteria are satisfied when the
spectral responses of the water are displayed

the test site was less than 0.5 cm during the
week prior to the July 30 mission. Winds
were from southwest to west at 5 knots, sur
face temperatures were 25-30 °C and rela
tive humidity was 70-75 per cent. Near
surface water temperatures ranged from 30
32 °C. Test site weather conditions for the
October flight also were good. At the time of
the overflight surface winds were from the
west at 6 knots, the temperature was 20
25 °C, and relative humidity was in the mid
40's. Near-surface water temperature ranged
from 19 to 21 °C. Two days previous to the
October overflight, 1.0 cm of rain fell in the
vicinity.
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TABLE 2. BEST FIT VALUES.

Location

Alford Cove Sites 7-30-73 0.210 0.000 33.6
10-30-73 0.210 0.000 54.1

Fannin Landing Sites 7-30-73 0.1480.217 33.6
10-30-730.1480.21754.1

In these equations ti is the turbidity cal
£.ulated via the model at the sample site i,
Ai is the wavelength representing the
color zone of the composite photography at
site i, and A; is the spectral response antici
pated for the ith sampling site. Other terms
are defined below. Because of calm,
clear weather conditions between 9:00 A.M.
and 10:00 A.M. (local time) on the days of the
overflights, wave heights in the reservoir
were less than 2 cm. Consequently the
model is not complicated by wave effects;
i.e., a glassy surface model realistically rep
resents the water surface on the days of
these overflights. .

The model has been utilized to examine
turbidity versus spectral response correla
tions for a third overflight date. Whereas cor
relation is satisfactory, too few turbidity val
ues were measured to allow inclusion of
these data and calculations.

Shown in Table 3 are comparisons of the
measured turbidities and the turbidities cal
culated via our model for the two overflights.

or

A; [13 + a x K - t/cos rJ>an ]

STU/nm)/cos cf>a2' The values of X deter
mined from these two equations differed by
< 1 per cent so the mean value of X was
utilized in subsequent calculations.

4. The minimization step outlined above was
repeated to obtain optimum values of 13, X,
and cf>a for each sampling region and for each
overflight. These values are shown in Table
2.

On the basis of these empirically derived
relationships, we have developed a model
which relates visually interpreted multi
spectral photography to measured near
surface turbidity.

The model that we have developed is

..,..,
A,nm

100',50

10

I3AC X cos cf>., = 0.175 STU/nm,
I3AC x cos cf>.2 = 0.129 STU/nm,
I3n. x cos cf>., = 0.123 STU/nm, and
I3n. x cos cf>.2 = 0.091 STU/nm,

were determined by iterative computer methods
according to two criteria: minimize 2: Pi 2 and
minimize 2: Qi2 . Equal weighting was given to
both restrictive conditions. Since both summa
tions were minimized in the vicinity of the values
for 13 and cf>. shown below, it was assumed that
these values were satisfactory. Furthermore, since
(I3 FL cos cf>.2/I3 AC cos cf>.2) = (I3 FL cos cf>a2/13AC cos

cf>a2), the assumption noted above was justified. In
the equations the subscripts 1 and 2 refer to the
information obtained from the 7-30-73 and the
10-30-73 overflights, respectively.

3. Having determined suitable values for 13
and cf>a for the Fannin Landing sites, the
value of X was determined from the second
slope (in the vicinity from 660 nm to 600 nm)
again by least squares methods. For the
7-30-73 imagery XI = (0.181 STU/nm)/cos
cf>.1 and for the 10-30-73 imagery X2 = (0.158

~quares methods. The slope of turbidity versus
~ for the 7-30-73 imagery was 0.174 STU/nm
whereas, for the 10-30-73 imagery, the slope was
0.129 STU/nm. For the spectral region from 750
nm to 680 nm for the Fannin Landing sites, the
slope of turbidity versus ~ was 0.123 STU/nm
for the 7-30-73 imagery and 0.091 STU/nm for the
10-30-73 imagery.

2. It was assumed that each slope represents
the product of an empirical constant 13 and the sun
angle term cf>•• Solutions to the four equations

"

"

10

20

FANNIN LANDING

FIG. 5. Graphical correlation of measured near
surface turbidity values for samples from the Fan
nin Landing region with X; for the two over
flights. Error bars represent the 95 per cent confi
dence level.

CONCLUSIONS

An empirical, three parameter equation
which includes a sun angle (time) term has
been shown to correlate composited four-
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TABLE 3. COMPARISON OF MEASURED AND
CALCULATED TURBIDITIES.

July 30, 1973 October 30, 1973

Site Color Color
Number Zone t i gi Pi Zone t1 gi Pi

Fannin Landing Sites
31 3 18 19 1 2 12 11 1
32 3 18 19 1 3 14 13 1
35 1 13 13 0 4 16 16 0
34 3 20 19 1 2 11 11 0
35 3 20 19 1 2 11 11 0
40 4 23 24 1 4 16 16 0
41 3 19 19 0 4 18 16 2
42 3 20 19 1 3 14 13 1
42A 3 19 19 0 4 15 16 1
47 7 34 35 1 6 21 22 1
47A 3 19 19 0 6 21 22 1
47B 2 16 15 1 5 19 18 1
48 3 17 19 2 5 18 18 1
48A 2 15 15 0 4 16 16 0
49 6 30 30 0 7 24 24 0
49A 3 18 19 1 6 22 22 0
49B 3 17 19 2 5 19 18 1

Alford Cove Sites
1 3 26 25 1 3 20 19 1
2 4 28 29 1 2 16 15 1
3 4 28 29 1 3 19 19 0
4 4 30 29 1 3 18 19 1
5 3 26 25 1 2 18 15 3
6 4 30 29 1 3 19 19 0
7 4 30 29 1 3 20 19 1
8 3 28 25 3 3 19 19 0
9 4 30 29 1 3 20 19 1

10 4 29 29 0 3 19 19 0
11 5 32 24 2 4 22 22 0
12 3 26 25 1 4 21 22 1
13 4 28 29 1 3 20 19 1
14 3 26 25 1 4 21 22 1
15 3 24 25 1 4 21 22 1
16 2 22 20 2 4 21 22 1
17 3 23 25 2 4 22 22 0
18 2 20 20 0 3 20 19 1
19 3 25 25 0 4 22 22 0

band multispectral photographs with meas-
ured near-surface turbidity values at
numerous sampling sites in the Ross Barnett
Reservoir. The model correlates the meas-
ured turbldities (ti ) with the spectral re-
sponses ( A;) at the various sample sites;
and a first order relationship between the
color signature of the sampling site (.\;)
and the turbidity exists as shown above. It
has been shown, however, that the spectral
response-turbidity relationship for the the
Alford Cove sites differs somewhat from that
determined for the Fannin Landing sites.

An important contribution of this study is
that the turbidity-spectral response correla-
tions can be made. Though this model has

not been tested on other fresh water bodies,
it is the opinion of the authors that under
similar physiographic and climatic condi
tions, our model relating turbidity to color
response of the composited four-band mul
tispectral photographs will be applicable
and highly useful.
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LIST OF DEFINITIONS

COLOR ZONE. A region of the visible spec
trum which is discernible and distinguisha
ble. A color zone has two wavelength boun
daries, Amax and AmiD, and a median
wa.Yelength, A.

A-The wavelength used to represent a
particular color zone.
A*-The high wavelength intercept on the

graphs of turbidity versus spectral response,
about 840 nm.
t i - The turbidity measured at the ith sam
pling site in standard turbidity units (STU).
~~The color zone representation of the
ith sampling site as determined from the im
agery.
gi-The turbidity calculated for each sam
pling site from ou~_ model. The only inputs into
the model are A; for each sampling site
and the empirical constants. (See below).
.\;-The anticipated spectral response of the

viewed multispectral photograph as calcu
lated by our model.
K-An empirical constant, about 680 nm. At

about 680 nm, the slope of turbidity versus
~ changes in the multispectral photo
graphs of the Fannin Landing sites.
<pa-Sun-site-camera angle; equal to 17/2

minus the sun angle.
a-Th~ Dirac delta function; equal Jo 1.0

when A; < K and equal to 0.0 when A; >K.

Pi- Pi = i t i gil
Qi-Qi = I.\; - X; I
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INSTRONICS ANNOUNCES NEW KEYBOARD CURSOR

FOR DIGITIZING HYDROGRAPHIC MAPS AND

CHARTS

A "Keyboard Cursor" which facilitates the en
tering ofnumerical data while digitizing maps and
charts has been introduced by Instronics for use
with the Gradicon free cursor digitizer. A
keyboard has been built right into the new cursor,
permitting the operator to perform all digitizing
and data entry functions directly from the cursor.

The new cursor is used to locate and follow the
scribe marks on the mylar film normally used for
hydrographic maps and charts. The Gradicon dig
itizer senses the cursor position and converts the
coordinate data into digital form for computer proc
essing. The cursor keyboard permits numerical
data, such as depth soundings, to be entered con
current with coordinate data. While specifically
designed to enter depth soundings when digitiz
ing hydrographic maps and charts, the new cursor
can also be used in any digitizing application
where entry of numerical data is required. Com
plete details on the new "Keyboard Cursor" are
available from Instronics Inc., One Regency
Drive, Bloomfield, CT 06002. Telephone (203)
242-2219.

KERN INSTRUMENTS, INC., ANNOUNCES THE

AVAILABILITY OF ITs NEW DC2 INTERACTING

DIGITIZING-GR~PHICSYSTEM

Kern Instrument's DC2 interacting digitizing
graphic system, in conjunction with the PG2-AT
stereoplotter, offers the user expanded semi
automatic plotting capabilities as well as signifi
cant compilation capability. The DC2 utilizes a


