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Thematic Mapping of

Flooded Acreage

The Scene Color Standard technique provides an operational
method with which to extract photometric information from

aerial photographic imagery.

INTRODUCTION

N A PrEVIOUS publication,! hereafter re-
I ferred to as (1), a technique was intro-
duced for obtaining accurate aerial photo-
graphic measurements of terrain spectral
reflectance without necessity for preplaced
ground control reflectances. This technique—
termed the scene color standard or scs tech-
nique—utilizes a natural object, coupled with

The emphasis on initial application of the
scs technique in (1) was on aerial surveys of
water quality. A number of phenomena afl-
fect the apparent color of a body of water
and make aerial measures of water turbidity
difficult. These effects include water surface
reflection, atmospheric scattering and ab-
sorption, and variations in illumination con-
ditions. The scs technique applied in (1)

ABSTRACT: Although a considerable amount of scene information can be ex-
tracted from an aerial photograph by conventional visual interprelation,
significant amount of information in the photograph remains wnresolved. T'o
supplement such standard analyses and to extract further information, the
photointer preter must develop means for accuralely measuring, enhancing and
interpreting the photometric properties of lerrain elements. A practical tech-
nique for extracting photometric information by critical analysis of scene
shadow images has previously been introduced—that of the scene color standard
(SCS) technique. This paper considers further details of the SCS technique,
and provides an example of the enhancement and interpretation of photomelric
image data in themalic mapping of flooded acreage. Mapping is accomplished
by noting that vegetation, soil, and water classes can be delineated by w ratio of
their reflectances in the infrared and green bands. An approximate map of
reflectance ratios which enhances these terrain classes for the interpreter can be
casily generaled from the photographic image. An example of the use of this
lechnique consists of the successful discrimination of flooding conditions of
the Mississippi River near Vicksburg from an Apollo 9 pholograph.

critical analysis of a scene shadow area, to
remove atmospheric and illumination effects
and provide for photometric image calibra-
tion.

* Presented at the Annual Convention of the
American Society of Photogrammetry in March
1971 at Washington, D. C., under the title “Photo-
graphic Analyses of Water Resource Color and
Quality.” The research was supported through
internal research funds of Cornell Aeronautical
Laboratory, Inc.

utilized natural scene objects and shadow
areas to remove these effects, and provide the
first aerial photographic measures of water
volume spectral reflectance.

In this paper further details of the scs
technique are presented, with emphasis on
use of aerial photometric information for
engineering analyses of flood conditions. The
flood control engineer is frequently unable to
planimeter flooded regions from his visual
analyses of an aerial photograph. However,
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by using the photometric information of the
photograph in the form of a reflectance ratio
of two spectral bands, the engineer-inter-
preter can obtain an enhanced image which
greatly assists his evaluation of flood condi-
tions. Specifically, vegetation, soil, and water
can be ordered by reflectance ratios of in-
frared and green bands. Vegetation has a
high infrared-green ratio; soil a ratio of
order one; and water a ratio less than one.
Approximate reflectance ratios can be easily
generated optically, and such ratio displays
are surprisingly accurate, as seen in an ex-
ample of flooding of the Mississippi River.
As the key to such use of photometric in-
formation lies in the ability to extract terrain
reflectance data from an aerial photographic
image, the next section will contain a brief
outline of the scs technique and the results
of (1). The third section will discuss the
reflectance ratio approach for thematic map-
ping, and apply photometric ratio informa-
tion from a satellite photograph to assessment
of flooded acreage. The results of this study
indicate proper measurement, enhancement
and analysis of photometric image data can
provide the photointerpreter with a most
important addition to his visual analyses.

PRELIMINARY CONSIDERATIONS

This section briefly reviews the results of
(1): namely, within each spectral band three
parameters (@, @', B) are necessary to cali-
brate an image photometrically, and these
parameters can be obtained by eritical
analysis of scene shadow areas. It is assumed
the photointerpreter has reduced photo-
graphic densities to exposure values; ie.,
accurate density measurements have been
obtained through a densitometer, and den-
sity values have been reduced to exposures
through a D-leg £ curve.

As shown in (1), the exposure /£ due to a
terrain object can be written to good ap-
proximation as:

E = a«R(a/a') + 8. (1)

Here a is a parameter proportional to atmo-
spheric transmittance and total (sunlight
and skylight) irradiance; &’ is proportional to
atmospheric transmittance and skylight ir-
radiance; 3 is proportional to amount of air
light—1light scattered into the camera which
has been scattered within the atmosphere;
and R is object reflectance dependent on
the angular characteristics of the illumina-
tion, and hence a/a’.

To maintain consistency with (1), the
phenomena giving rise to @, @', § and calibra-
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I'16. 1. Schematie diagram of phenomena giving
rise to apparent reflectance of a body of water.

tion technique motivation will be discussed
for reflectance interpretation of bodies of
water. Similar considerations, of course,
hold for other terrain elements. In the case of
a body of water, Equation 1 may be spe-
cialized to

f',' = tr[\’r —|— .u:rff,\‘ + ,ﬂ {2)

where Ry is volume spectral reflectance (vsR)
of the body; and Rg is surface reflectance of
the air-water interface as seen from the air,

Motivation for Equation 2 and scs tech-
nique motivation can now be described as
follows. The apparent reflectance of a body of
water is strongly affected by four phenomena
(Figure 1): source effects; atmospheric ef-
fects; surface effects; and volume effects. Of
these phenomena, only volume effects are
normally sensitive to water quality parame-
ters. (We exclude here consideration of sur-
face phenomena such as oil slicks which form
a separate class of problems.) Effects of
source, atmosphere and surface distort the
information of interest, and must be removed
from the measurement process to obtain an
accurate estimate of Vsk.

As reflectance is essentially proportional to
the ratio of reflected energy to incident en-
ergy, knowledge of source strength for the
various spectral regions at the time of mea-
surement is crucial. Additional source effects
derive principally from relative distribu-
tion of sunglight to skylight. The spectral
character of sunlight differs from skylight?
(Figure 2) as does the angular character of
the irradiation. Changes in atmospheric
conditions result in wvariation in sunlight-
skylight distribution and yield apparent re-
flectance changes due to the consequent
transformation of the spectral character of
the incident radiation.

In addition, specular surface reflections of
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tribution, the maximum value of each curve has
been normalized to one. Actual distributions can
vary widely from the above example.

skvlight exist at every image point of the
body of water. The proportion of skylight in
the incident irradiance thus determines the
magnitude of this surface reflected energy.
As this surface reflected skylight contains no
water quality information, it must be re-
moved from the data if it is significant com-
pared to the volume reflected energy.

At any image point the ratio of volume re-
flected energy Ly to energy of surface re-
fected skylight Eg was shown in (1) to be:

Ey/flg~ {1+ f) (3)

where f is a parameter equal to the ratio of
sunlight irradiance to skylight irradiance.?
For a very clear dav f is about 7; for a day
with thin clouds f is approximately 1. Thus
even for a clear day of the order of 10 percent
of image energy is surface reflected skylight.
For a cloudy day, this proportion can rise to
the order of 30 percent. Variations of this
order can easily mask reflectance effects due
to actual water quality characteristics.
Meteorological changes from day to day or
location to location can cause fluctuations in
degree of skylight (and hence [£g) which are
potentially interpretable as water quality
variations. A reasonable degree of care must
be taken to remove these effects.

In the instance of terrain elements other
than water, it is still important to establish
the proportion of skylight present. This is
because the reflectance of soil and vegetation
depends on the angle of illumination. Re-
flectance interpretation thus entails con-
sideration of solar zenith angle and amount
of diffuse illumination f.

Within the atmosphere, reflected radiance
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is further modified by attenuation due to
atmospheric scattering and absorption, and
by the addition of air light (light scattered
into the camera which has been scattered
within the atmosphere). These effects de-
pend strongly on weather conditions and on
altitude of measurement.

Taking into account all of these effects,
illumination at the camera can be described
as in Equation 2. Water quality evaluations
can be attempted if exposure values can be
reduced to reflectance values Ry. Variation
of Ry with wavelength can yield turbidity
and hence water quality information (1).
As Rg is a well-known function of angle
(Figure 3), Ry can be determined from E
provided e, @' and § are known. (There is a
problem here for observation angles 3 40°
from the vertical, as wave conditions can then
make Rg vary by increasing reflection angle
to values 3'40° Useful observation angles
for accurate Ky determination are thus re-
stricted to angles = 30°.)

The scs technique determines e, & and 3
from a naturally occurring object of known
reflectance and a characteristic shadow area.
No preplaced control panels are necessary.
Effects of variations in e, &' and 8 from one
survey position to another are, as a result,
eliminated or reduced by allowing determina-
tion of @, &' and B close to, or in, the photo-
graphic frame of interest,

The natural object and shadow area con-
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F16. 3. Percent reflectance of the air-water inter-
face as a function of the angle of incidence (mea-
sured from the normal direction). These values are
for unpolarized light only.
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width at the outer edge of the shadow in radians.

tain sufficient information to determine the
three parameters. Figure 4 contains a shadow
schematic which vields the following equa-
tions:
Fy = 3a/R, + B
Fo=hka'Ry + 8
E; = aR, + 8.

R, is local ground reflectance, & is a parame-
ter proportional to shading object angular
width and solar zenith angle. The addition
of the natural object vields

Fy=alky+ 8 (5)

where Ry is the known reflectance of the ob-
ject. Equations 4 and 5 contain four un-
knowns (e, @', B, R,) and are sufficient to
determine all of these parameters. Note that
in absence of object Ry, Equations 4 are still
sufficient to determine 8 and (e/a’).

Figure 5 contains reflectances of typical
scene objects as determined by the SCS
technique and compared to expected values
from laboratory and field analyses. Figure 6
contains typical effects of @, & and § on vsr
of Chautauqua Lake as determined on
August 5, 1970. Further experimental re-
sults are contained in (1). The accuracy of
the data is quite impressive, in view of the
fact that no ground controls were utilized in
the analyses.

(4)

PHOTOMETRIC INTERPRETATION FOR
ENGINEERING DATA
This section provides an example of po-
tential application of the scs technique and
detailed photometric data to engineering

imagery analyses. The particular example
chosen is that of determination of flooded
acreage, in this instance from a March 9, 1969
Apollo 9 photograph of a section of the
Mississippi River near Vicksburg, Mississippi,
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Fi6. 6. Apparent reflectance of Lake Chautauqua
on August 5 with (1) atmospheric transmittance
correction only, (2) atmospheric transmittance
and air light corrections, and (3) atmospheric
transmittance, air light, and surface reflection cor-
rections.
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as shown in Figure 7A. Determination of
such acreage is difficult, either visually, or by
various single band processing techniques. A
method for displaying or computing flooded
acreage from the image would be of great
utility. Accurate photometric data, coupled
with a study of the reflectance ratio between
two spectral bands holds, great promise for
such interpretation problems. In many in-
stances, vegetation, soil, and water can be
distinguished by comparison of these re-
flectance rativs. Use of such ratio tech-
niques depends crucially on the ability to
obtain accurate reflectance values in each
band, in order to compute such a ratio for
interpretation purposes. The scs technique
thus provides the photometric calibration
procedure enabling such an analysis. The
details of this ratio procedure are as follows.

VICKSBURG

ORIGINAL
SCENE (A)

DATA DISPLAY
Bl

DATA DISPLAY
(cl

Fig. 7. Conventional infrared ektachrome photograph and two displays of preprocessed information
from two spectral bands. The gray tones in the wedges under 8 and C represent the following colors on
the original scenes: white, dark blue, light green, dark green, olive, gold, brown, red, magenta, violet,

and black, respectively, left to right.
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A photointerpreter is skilled at discriminat-
ing ground objects from qualitative image
properties such as shape, pattern, texture,
and relative brightness or color. His analysis
process is easily confused by variations in
photometric properties of images, i.e., con-
trast, absolute transmission and color shifts.
Determining acreage under flooding from a
photograph as Figure 7A is a difficult task
because water color is not uniform over the
scene. It varies from almost white through
various hues of blue and red to black. At-
tempts at using methods such as chromaticity
coordinates and density slicing in a particular
band will thus not achieve the desired result
of enhancing the flooded acreage, so that it
can be easily planimetered in some manner
by the flood control engineer.

A process converting photometric image in-
formation in selected pairs of spectral bands
to ratio information for redisplay and inter-
pretation by a photointerpreter holds promise
for such a problem, and has been under de-
velopment at Cornell Aeronautical Labora-
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tory since 19674 A complete description of
this process will be the subject of another
paper of this series.

Very briefly the process is based on the
somewhat unique reflectance characteristics
of various classes of objects. In Figure 8 the
general reflectance properties of water, soil
and vegetation are illustrated. Reflectance
ratios between the infrared and green bands,
for example, differ widely for the three classes
of objects, Vegetation appears to have a ratio
on the order of six. Soil, whether a high re-
flecting gray (white) or a low reflecting gray
(black), has a ratio slightly greater than one.
The ratio for water is much smaller than one,
but approaches one as turbidity increases.

Thus, if aerial image data can be reduced
to accurate reflectance information (as with
the scs technique), the scene can be processed
to display image regions which are poten-
tially water covered on the basis of such
photometric properties. The word potentially
has been deliberately utilized, because some
scene objects are combinations of these
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Fic. 8. Film sensitivity bands and general reflectance properties of common terrain features,



THEMATIC MAPPING OF FLOODED ACREAGI

classes, e.g., shallow water over soil or
vegetation, and soil covered with sparse
vegetation. In this instance, the ratio tech-
nique will not vield a definite output, and as
a result the photointerpreter must utilize
other information at his disposal to complete
the analysis.

To indicate the basic features of this ratio
technique, it will be applied to the unpro-
cessed photometric information of Figure
7A. Use of the scs technique to remove
atmospheric and source phenomena would
improve the sensitivity of the results, and
actual applications of the scs technique to
ratio display will appear elsewhere.

From the photometric information re-
corded in the near infrared and green radi-
ance regions on the original photograph, an
image whose density is proportional to ratio
of exposure in the infrared band to that of
the green band was generated in the color
encoded picture shown in Figure 7B. This
was accomplished by first making a unit
gamma positive of the infrared layer of the
original image, and a unit gamma negative
copy of the green laver. A third unit gamma
negative copy was then made of the super-
imposed infrared and green copies. The den-
sity of the resulting image is then propor-
tional to the logarithm of the ratio of infra-
red to green exposures. The density varia-
tions of the third copy were then encoded in
color as depicted in Figure 7B. Each color
represents an approximate density slice of
0.06 over a density range of 0.04 to 1.00. As
this film was processed to unit gamma, the
ratio of copy exposure creating the violet
images to that causing the dark blue images
is of the order of a factor of 4, with violet
representing the highest ratio in the scene.

By comparing violet and magenta images
to the original scene, one notes that these
colors relate primarily to red images on the
original scene which are large fields contain-
ing healthy vegetation. Upon comparing the
light and dark blue areas to the original scene,
one notes these are primarily water images.
The vellow areas in general appear to relate
to images of high and low reflectance coil
areas in the original scene which are devoid
of large areas of healthy vegetation or water.

Figure 7C shows a display generated by
slicing the scene at the maximum ratio ob-
tained from images in the original scene
which could be identified positively by the
interpreter as water. All values below its
maximum ratio appear on the display as
water, It is interesting to note how many
other areas also have spectral ratio for water
even though they do not look like water on
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the original photograph. Laboratory experi-
ments with a large variety of soils with vary-
ing degrees of saturation (from dry to satu-
rated) show that the infrared to green ratio
remains greater than one (i.e., characteristic
of soil) until a depth of water is reached over
the soil which balances the effect of radiance
return from the underlving soil.” Because of
the large differences in the reflectance prop-
erties of water in the infrared and green
bands, only a small depth of water is neces-
sary to reach this radiance balance point.

Direct visual observation of such a condi-
tion by the eye (which is insensitive to near
infrared radiance) would not detect much
change between the dry soil color and the
color of the soil under the water, except for an
overall brightness change. The color which
the image of such a condition on Ektachrome
infrared fiim appears would depend highly on
the relative spectral sensitivity of an in-
dividual's eve and the illumination level of
his light table. For example, if water were
over a high reflecting surface, the condition
would generate an image appearing white
(clear) to the eve. If over a low reflectance
surface, the image would tend toward black.
Similar considerations hold for vegetation
under water where, even though the ratio of
exposures could be less than one, the Ekta-
chrome infrared image can look red because
of the relative sensitivity of the eve to blue
and red.

Water-level data supplied by the Water-
ways Experiment Station at Vicksburg have
been used with topographic maps of the area
in an attempt to verify the predictions of
Figure 7C. The verification is difficult, as
the topographic maps of the region are some-
what dated, and because accurate contour
levels are difficult to extrapolate due to
smoothness of the terrain. In addition, water-
level data for only a limited number of water
level gauges are available.

It must also be emphasized that the pur-
pose of the photographic thematic analysis
presented here is nol accurate mapping of
flooded acreage in the photogrammetric sense.
Rather, the purpose is to describe a tech-
nique that enables the interpreter to assess
flooding conditions in an area. Comparison
of topographic and ratio map data here pro-
vides an indication of the correlation between
the two techniques for assessing flooding con-
ditions, and hence an evaluation of the ratio
map approach, As will be seen below, the
correlation is quite good. Other evaluations
of results, such as flooding near terrain fea-
tures such as levees, can also be used. These
analyses corroborate the conclusions  pre-
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sented below generated from comparison
with topographic data.

Using water-level data and topographic
maps, the principal flooded areas were de-
termined to be as shown in Figure 9, with an
extent of about 730 sq. miles. Reduction of
the major areas of Figure 7C to an equivalent
map is contained in Figure 10. Here approxi-
mately 1150 sq. miles are Hooded. Of the 750
sq. miles determined to be flooded from the
topographic map, 600 sq. miles, or about 80
percent, are designated as flooded by the ratio
determination. This agreement is, of course,
very encouraging. All major flooded areas
determined from the topographic maps are
designated as flooded in the ratio map in
Figure 10. The actual
probably well in excess of 1130 sq. miles as
the smaller regions of Figure 7C have not
been mapped or planimetered in Figure 10.
The 150 sq. discrepancy  between
topographic and ratio mapping is probably

flooded acreage is
miles

due to: a combination of the failure to re-
move e and 8 effects (recall from the above
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that exposure ratios have been used here,
as opposed to reflectance ratios); the fact
that some of this acreage may be of a com-
bination class such as those described above
(e.g., water mixed with dense vegetation);
and inaccuracy in determining flooded area in
topographic mapping from water level data
due to the difficulties described. Lt is our con-
tention that all of these effects can be further
minimized, and flood mapping evaluation
further improved.

Several areas are incorrectly mapped, most
notably the upper left-hand corner of the
photograph, and the region to the southeast
of Vicksburg. These regions are designated .|
and B, respectively, in Figure 10. Region |
occurs due to vignetting, whereas region B
probably occurs due to a combination of lens
transmission effects and the failure to re-
move a and @ effects from the ratio computa-
tion. Nevertheless, the accuracy of the pre-
dictions is quite gooed.

CoNCLUSION

The scene color standard technique in-

VICKSBURG

F1a. 9. Flooding conditions determined from topographic maps and water-level data.
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VICKSBURG

Fic. 10, Flooding conditions determined from the ratio of infrared to green bands,

troduced in the first paper of this series pro-
vides an operational method with which to
extract photometric information from aerial
photographic imagery. This technique pre-
cludes the necessity for preplacement of
ground control reflectances in the photo-
metric calibration process. The technique
contains the additional feature that it yields
a measure of the angular character of irradia-
tion, i.e., ratio of sunlight-skylight dis-
tribution. Knowledge of this distribution is
of importance in removing surface skylight
reflection effects in water quality surveys,
and in other terrain problems where re-
flectance values are a function of angular
nature of irradiance.

An example of the utility of photometric
information in determination of flooded
acreage from an Apollo 9 photograph was
given herein. Reflectance information utilized
in a ratio manner was of use in aiding the
interpreter in obtaining such estimates. The
results indicate accurate measurement, en-
hancement and interpretation of image

photometric properties promise to provide a
new dimension for extending the usefullness
of aerial color photography in environmental
engineering problems,

In summary, a means now exists for quan-
tifying the spectral radiance received at an
acrial camera from ground objects, taking
into account atmospheric and collection sys-
tem perturbations, A technique has also been
developed utilizing sets of spectral radiance
data to generate new scenes which contain
spatial and photometric image properties
that differ from the original scene in the im-
portant respect that they provide keys to the
information of interest. We believe the com-
bination of these two techniques provides a
crucial step toward obtaining more useful
and accurate engineering data from color
aerial photography.

NoTE AppED IN ProOOF

A determination of 8 and a/a’ more con-
venient than that described above can fre-
quently be obtained by comparing two
shadows over different terrain reflectances,
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The equations for exposure in sunlight just
outside of one shadow £; and the exposure in
<kvlight just inside the same shadow [y can
be put into the form
E;—pB o
k — = (0)
E,—p o

The parameter &/a’ is constant for the frame
or frame area being studied. Hence, the ex-
pressions for e/a’ for two different shadows
can be equated to yield # if the measured
shadow exposures are utilized. The parameter
a/a’ is then immediately determined.
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