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Abstract—Inundation is linked to water, carbon, and energy
budgets at landscape to global scales. We describe a new re-
mote-sensing technique for identifying inundated areas based on
the properties of the glitter—the strong, angular signature reflec-
tion that is characteristic of surface water and uncharacteristic of
other cover types. We discriminated three cover types—vegetation
emergent above inundated soils, open water, and noninundated
cover types—from analysis of directional data collected in the
red spectral band by the airborne POLDER (polarization and
directionality of earth’s reflectance) sensor. We found that values
of the normalized difference vegetation index (NDVI) decreased
dramatically in the glitter direction, providing an indication of
surface water. Application of our new technique holds promise for
mapping the seasonal and interannual extent of inundation, a key
descriptor of wetlands hydrology.

Index Terms—Bidirectional reflectance, bidirectional re-
flectance distribution function (BRDF), inundation, methane,
specular reflection of sunlight, wetlands.

I. INTRODUCTION

A. Remote Sensing of Inundation

GLOBAL mapping of areas inundated by water remains
an important and unachieved goal of remote-sensing re-

search tied to climate change and terrestrial biospheric function
[1]–[3]. An accurate, satellite-based approach capable of moni-
toring the extent of inundated areas is needed to improve under-
standing of seasonal and interannual wetlands hydrology [4].

Inundation is a key hydrologic variable in budgets for
water and carbon [4]–[6]. Estimates of both inundated and
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noninundated land areas provide information to carbon budgets
representing the exchange of the two trace gases, carbon
dioxide and methane, between the soil and the atmosphere
at local to global scales [4]. Inundated anaerobic soil is a
potential source of methane, while noninundated aerobic soil
is a potential source of carbon dioxide and a sink for methane
[7], [8]. The increases in the concentrations of these gases in
the atmosphere have been linked to potential changes in earth’s
climate. Inundation is an important factor in energy budgets,
modifying rates of water evaporation and transpiration and the
thermal conductivity and thermal insulating properties of the
inundated area [9]–[13].

Despite its importance to the functioning of earth’s terrestrial
biosphere, globally consistent estimates of the areal extent of
inundation are nonexistent. Estimates have been derived from a
variety of sources with various spatial and temporal scales and
usually have been limited to specific regions [14]–[16]. The po-
tential of spaceborne microwave instruments to map inundated
areas has been identified but remains to be realized at the global
scale [17], [18]. Similarly, application of optical remote-sensing
methods has met with mixed success [4], [16], [19], [20].

B. Hypotheses Tested

We present results of a proof-of-concept study to estimate the
extent of inundation from analysis of airborne POLDER (polar-
ization and directionality of earth’s reflectance) [21] data col-
lected in support of the BOREAS Experiment [22], [23] in cen-
tral Saskatchewan, Canada. We believe this is the first study to
take advantage of the specular reflecting properties of surface
waters [24]–[26] to discriminate inundated areas (with emer-
gent vegetation), open water (without emergent vegetation), and
noninundated cover types.

We tested three hypotheses. First, the glitter of sunlight off
water surfaces provides a strong, angular signature reflection
characteristic of inundated areas and uncharacteristic of noni-
nundated cover types. Second, open water areas and inundated
areas display different, wind-dependent glitter signatures as a
function of view angle. Third, analysis of remotely sensed data,
collected in and near the specular direction, allows accurate dis-
crimination of inundated areas, open water, and noninundated
cover types.

II. M ETHODS

A. Data Collection

Radiance images were collected above the BOREAS
Southern Study Area (SSA), in central Canada (54N, 105 W)
near Prince Albert, Saskatchewan, using POLDER, a large
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field-of-view multispectral imaging sensor [21], [27]. The
radiance imagery was acquired in the solar principal plane
on July 21,1994 at an altitude of 7.5 km along ten parallel
flight lines (Fig. 1). Each flight line was flown toward or away
from the solar azimuth direction. Concurrent data of surface
wind speeds were collected at the Old Jack Pine test site,
located between 1 and 15 km from the various flight lines
[28]. Large-format color infrared aerial photographs (23 cm

23 cm) were concurrently collected from the C-130 aircraft
using a high spatial resolution Zeiss mapping camera with
a 153 mm focal length lens. The aerial photographs, which
had an equivalent ground spatial resolution better than 0.3 m,
included the subsolar or specular direction.

During flight the POLDER images were collected at 10 s
sampling intervals, in five spectral bands (443 nm, 550 nm,
665 nm, 865 nm, and 910 nm). The field of view was approx-
imately 53 in the along-track dimension (in the principal
plane) and 45 in the across-track direction. Overlap of ad-
jacent images is between 92% and 94%.

B. Data Analysis

POLDER was calibrated at Laboratoire d’Optique Atmo-
sphérique in France in May 1994 prior to the field campaign.
The data were collected as digital numbers proportional to
scene radiance that were converted to normalized radiance
by multiplying by and dividing by the solar radiance at the
top of the atmosphere. To improve band-to-band registration
accuracy, the spatial resolution of each image was degraded by
averaging 3 3 pixel regions, increasing the pixel size from
50 m to approximately 150 m.

The POLDER lens exhibits very low geometric distortion,
keeping the 150 m pixel size constant throughout each image.
This means that the POLDER angular resolution for these data
varies from approximately 1.1at nadir to approximately 0.6
at 43 zenith view angle, the specular direction. The angular
resolution of a BRDF (bidirectional reflectance distribution
function) estimated from POLDER data representing a 150 m
footprint pixel depends upon the rate at which the POLDER
sensor samples that ground area—as well as the aircraft speed,
its height above the ground, and the zenith view angle. For the
results reported here, the angular resolution of POLDER data
of one footprint varies from approximately 12.4at nadir to
approximately 6.5 in the specular direction.

During the 110-min. period required for measurement of all
the flight lines, the solar zenith angle changed from 45to 37 .
To compensate for the changing specular direction and allow
overlay of data collected at various times during the flight, the
zenith view angle of each pixel was divided by the solar zenith
at the time of data collection in order to obtain an approximate
zenith view angle in degrees.

approximate zenith view angle
zenith view angle
solar zenith angle

All classifications were performed using two bands defined
in directional space rather than spectral space, using imagery
from the red (665 nm) spectral band. The two directional bands,
limited to zenith view directions in the principal plane, included

Fig. 1. On July 21, 1994, POLDER data were collected along parallel flight
lines oriented approximately in the principal plane of the sun. The flight lines
cover part of the Southern Study Area of the BOREAS Experiment located near
Prince Albert, Saskatchewan, Canada. Image data from flight line 5 are shown
in Fig. 5.

all data having a zenith view direction within2 of the spec-
ular direction or within ( 2 to 6 ) from the spec-
ular direction. Data in directional space were classified, using a
parallelepiped classifier, into three directional classes. The cor-
respondence between the three directional classes and three in-
formation classes—open water, inundated vegetation, and non-
inundated vegetation—was established by interpretation of the
large-format aerial photographs.

Decision boundaries allowed classification of the data. A
pixel was classified as “open water” if the normalized radiance
in the 4 directional band was greater than 0.1. For “nonin-
undated vegetation,” the normalized radiance in the4 band
was less than or equal to 0.1, and the normalized radiance in the
specular directional band was less than 0.05. For “inundated
vegetation,” the 4 band normalized radiance was less than
or equal to 0.1, and the specular band normalized radiance was
greater than or equal to 0.05.

Interpretation of 11 color infrared air photographs, having ap-
proximately 60% overlap, collected along flight line 5 (Fig. 1)
provided “ground truth” estimates of the fractions of open water,
inundated vegetation, and other noninundated cover types in the
principal plane of the flight line. Four analysts independently in-
terpreted each photograph to estimate the type of ground cover
present at 35 sample points located at the intersections of a 57
rectangular grid of lines spaced 0.3 cm apart and oriented so
that five lines were parallel to the principal plane. Only approx-
imately 40% of the length of the flight line was photo-inter-
preted, because all photo-interpreted locations were within 6
of the specular direction, an angular range that included all sun
glint from water (Table I).

The normalized difference vegetation index (NDVI) was
computed

nm band nm band
nm band nm band

for the information classes—open water, inundated vegetation,
noninundated vegetation 1, and noninundated vegetation 2—as
a function of view angle in the principal plane. These informa-
tion classes were identified using the directional not spectral
space bands. Interpretation of the aerial photography suggested
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TABLE I
PROPORTION ANDAREA OF COVER TYPES IN FLIGHT LINE

that the two classes, noninundated vegetation 1 and noninun-
dated vegetation 2, represented broad-leaf and needle-leaf veg-
etation, respectively.

The angular width of the specular peaks in the directional
bands was estimated as either half the angular width at half of
their maximum value (HWHM) or the full angular width at half
their maximum value (FWHM).

III. RESULTS

Fig. 2 shows the average normalized radiance of all classified
pixels as a function of view angle for all flight lines. The average
normalized radiance of noninundated cover types displays a
maximum value of 0.046 in the hot spot direction, which is nearly
an order of magnitude less than that measured in the specular
direction of either inundated vegetation (0.24) or open water
(0.58). The radiance of noninundated cover types displays a local
maximum value in or near the specular direction, an unantici-
pated result possibly attributable to the presence of mixed pixels
that contain at least some inundated vegetation and/or open water
and thatareclassified—ormisclassified—asnoninundatedcover
types. Comparing only data collected in the specular direction,
the average normalized radiances of inundated vegetation and
open water areas are quite large, displaying values more than
8 and 19, respectively, times the average normalized radiance
of noninundated cover types. The angular width of the specular
peaks of inundated vegetation and open water areas are approxi-
mately 5 and 25 , respectively.

The resolution of Fig. 2, which is the average within 1inter-
vals along the horizontal axis of the bidirectional light-scattering
properties of many ground areas, is limited by the angular reso-
lution of the POLDER sensor, approximately 0.6in the spec-
ular direction for the 150 m pixels used in this research. These
results provide the incorrect impression that the angular resolu-
tion of the POLDER data of aspecific ground footprintis better
than its nominal 6.5 in this 42 zenith view direction. Fig. 2
may suggest, incorrectly, that the normalized radiance is zero
for open water measured at zenith view angles between60
and 5 , while in fact the values are nonzero but less than 0.01.
There are no data values for zenith view angles between80
and 60 and between 60and 80 .

Data values in Fig. 2, at angles between 53and 60 , are
beyond the limit of the field of view of POLDER and occur
because of an artifact introduced during data processing. The
cause of the unrealistically abrupt decreases of the normalized

Fig. 2. The normalized radiance of three cover types measured in the red
spectral region varied with view angle—being maximum in the specular
direction for inundated vegetation and open water and in the hot spot direction
for noninundated cover types. The noninundated cover types included primarily
vegetation with very minor amounts of clear-cut area and asphalt road surface.
The approximate zenith view angle, the horizontal axis, is defined in Section II.

radiance (Fig. 2), which occur as view angles increase beyond
approximately 55, is not clear.

Fig. 3 shows that for most view angles, values of the NDVI of
inundated vegetation are similar to the NDVI of noninundated
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Fig. 3. The NDVI of various cover types varied with view angle, being less
than 0.3 for inundated vegetation viewed in the specular direction. The four
classes—noninundated vegetation 1, noninundated vegetation 2, inundated
vegetation, and open water—were identified with the aid of a classification
performed in spectral, not directional space as elsewhere in this article.

Fig. 4. A scatter diagram of normalized radiances in the red spectral region
observed in two zenith view directions 4apart reveals that the data cluster
according to cover type.

vegetation, all being above approximately 0.75. The exception
is the specular direction where NDVI is less than 0.30.

Fig. 4 shows all data collected in the two directional bands:
specular and (specular4 ). Pixels representing open water
areas, which appear bright in both these view directions, tend to
be located in the upper right of Fig. 4. Pixels representing non-
inundated cover types, which appear dark in both of these view
directions, are clustered just above zero on each axis. Pixels
representing inundated vegetation, which appear bright in the
specular direction but comparatively dark just 4away from the
specular direction, appear along a line just above the horizontal
axis. Because of the patchy nature of the landscape evident in
the aerial photographs, the 150 m diameter ground area repre-

Fig. 5. Radiance data measured in the red wavelength region along the
principal plane (which is approximately the center line of the flight line)
were classified using a parallelepiped classifier applied to directional space
rather than spectral space. The classification of each pixel is indicated by a
corresponding mark in the appropriate row—inundated vegetation, open water,
and noninundated cover types. Pixel count in the along-track direction varied
by between 0 and 310.

sented by each pixel often includes more than one cover type. In
the results, Fig. 4, data values representing these mixed pixels
appear at locations between the three clusters of data points rep-
resenting pure pixels and were identified with the three infor-
mation classes: noninundated cover types, inundated vegetation,
and open water.

Fig. 5 shows the classification map for a 150 m (one pixel)
wide swath extending 47 km (310 pixels) along the principal
plane of flight line 5 (see Fig. 1). All pixels classified as “open
water” represent the lake (pixel numbers 40–75). Photo inter-
pretation revealed no other open water areas within the classi-
fied area. Comparison of the air photos and classification results
suggests that pixels (numbers 15–35) classified as inundated
vegetation represent primarily inundated black spruce vegeta-
tion. In several instances, the pixels classified as inundated veg-
etation represent clear-cut areas (approximately 300 m across)
containing small (5 m to 10 m across) open water areas. Photo
interpretation results showed that the noninundated cover types
class included vegetation primarily but also a small amount (ap-
proximately 4.8%) of clear-cut area. And interpretation of the
air photos showed that pixels representing several small rivers
and streams, located in the vicinity of pixel number 270, were
classified as inundated vegetation.

Table I provides estimates obtained through classification and
photo interpretation, revealing both the proportion and the area
of the flight line representing inundated vegetation, open water,
and noninundated cover types. The average of the estimates pro-
vided by the four photo interpreters (A, B, C, D) shows that
19.2% and 135 ha of the flight line were estimated to be inun-
dated vegetation. In comparison, results obtained through use
of the classification algorithm show that 36.0% and 254 ha of
the flight line represented inundated vegetation. The area of the
flight line was 47 km 150 m or 705 ha.

Fig. 6 shows that sun glint from open water was observed
within approximately 10 (HWHM) of the specular direction,
given surface wind speeds of 2–4 m/s. In contrast, reflected
sun glint from calm water surfaces, such as typically found
beneath inundated vegetation, was observed only within about
2.5 (HWHM) of the specular direction.
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Fig. 6. The angular widths of the specular peaks representing inundated
vegetation were less than approximately 5, while those representing open
water areas were greater than approximately 15—regardless of wind speed.
Angular width was measured at one half of the maximum value of the specular
peak (FWHM) (Fig. 2).

IV. DISCUSSION

A. Glitter Allows Discrimination of Inundated Areas

The area of inundation, which may be estimated using our
approach, is key to addressing scientific questions related to
carbon, energy, and water budgets. As such, it provides infor-
mation about functions and functioning of wetlands. The area
of inundation provides information on wetlands hydrology, one
of nine key parameters important for characterizing the role of
wetlands in biogeochemical cycling of trace substances [4]. Our
approach appears readily extendable to multitemporal analyses
of seasonal and interannual distributions of inundation, poten-
tially providing information critical to gaining a better under-
standing of carbon, water, and energy budgets, especially those
representing high-latitude ecosystems where climatic change is
expected to dramatically alter regional surface hydrology.

Multitemporal estimates of the inundation area may aid in
the delineation of wetlands, a legally important process in the
United States because of federal regulatory statutes [6], [29].
While our approach allows identification of areas inundated
on one date, our approach does not allow direct delineation of
wetlands, since inundated areas are not necessarily wetlands.
By itself, observation of inundation on one date indicates only
a hydrological event and not the duration and frequency of
that event, two of the several factors linked to the presence of
a hydric substrate and hydophytic vegetation [5], the criteria
defining a wetland [5], [6]. Occasional flooding does not
distinctively separate wetlands from uplands, many of which
flood occasionally [6]. However, our approach, if augmented
to include analysis of an ensemble of remotely sensed images
collected over the growing season, presumably would provide
data on the duration, frequency, and timing of inundation.

Our results demonstrate that differences in the directional sig-
nature of open water, inundated vegetation, and noninundated
cover types allow their discrimination and classification (Fig. 5).
In the specular direction, water reflects sunlight significantly
better than other cover types. Both open water and inundated
vegetation provide a large, wavelength-independent, sun glint
signature that differs greatly from the radiance of noninundated
areas. In directions away from the specular direction, sun glint
from open water areas may persist, depending upon the size and

Fig. 7. We tested the hypothesis that inundated vegetation and open water
areas will appear differently in remotely sensed data collected with view
direction. (a) Wind readily ruffles an open water surface, which scatters
incident radiation over a broad range of view directions. Conversely, a water
surface reflects sunlight over a more limited range of view directions when it
is sheltered by (b) inundated emergent herbaceous vegetation, (c) inundated
woody shrubs, and (d) an inundated black spruce forest.

direction of the wind-driven waves (Fig. 7) [24], [25]. In this
study, the angular size of the specular lobe of the sun glint from
the wind-ruffled open water areas was approximately four times
[10 compared to 2.5(HWHM)] that from calm water surfaces
typically found beneath inundated vegetation. Thus, discrimi-
nation of these two cover types depended solely upon their dif-
fering directional signatures and not upon their spectral signa-
tures, which sometimes were identical within the error of the
measurements.
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B. Validity of Hypotheses

First Hypothesis:

Theglitterofsunlightoffwatersurfacesprovidesastrong,an-
gular signature reflection characteristic of inundated areas
and uncharacteristic of other, noninundated cover types.

This hypothesis is supported by Figs. 2–6, which demonstrate
that the normalized radiances of open water and inundated
vegetation are generally much larger than those of noninundated
cover types and show large variation with view angle. Such
properties are uncharacteristic of the specular reflecting proper-
ties of plant canopies [30], [31]. Measurements [30] in the red
spectral regionofplantcanopieshavingnonplanophyll leafangle
distributions show that the specular portion of the light scattered
in a specific view direction is consistently less than 50% of the
total light scattered in that direction by the canopy. We observed
no planophyll canopies in the study area. All of this suggests that
in general—and specifically for these results (Figs. 2–6)—it is
probable that glitter from noninundated, nonplanophyll vegeta-
tive cover types is insignificant compared to glitter from open
water and inundated vegetation. We believe our first hypothesis
is valid for nonplanophyll canopies in nonfrozen wetlands.

Second Hypothesis:

Inundated wetlands and open water areas display different,
wind-dependent glitter signatures as a function of view
angle.

This hypothesis, illustrated in Fig. 7, is supported by the re-
sults (see Table I and Fig. 6). For the intermediate wind speeds
2–4 m/s measured during image data collection, the angular
spread of the glitter from open water areas was greater than
that from inundated vegetation. At these wind speeds, the wind-
sheltering effects of the emergent vegetation allowed separation
of inundated vegetation and open water in the POLDER data.
Thus, the second hypothesis appears correct for the intermediate
range of wind speeds measured during image data collection.
Presumably, the second hypothesis would fail as wind speed ap-
proaches zero or, conversely, as wind speed increases beyond
the range for which the vegetation shelters the water surface.

Third Hypothesis:

Analysis of remotely sensed data, collected in and near the
specular direction, will allow accurate discrimination of
inundated wetlands, open water, and noninundated cover
types.

This hypothesis is supported by Fig. 5 and Table I. Compar-
isons between the results (Table I) obtained by classification
and by photo interpretation of the flight line are encouraging,
but our approach appears to have significantly overestimated the
areal extent of inundated vegetation. We attribute this error to
use of a parallelepiped classification algorithm that employed
thresholds in directional space as decision boundaries, to the
presence of mixed pixels and to errors in photo interpretation.
A less-than-optimally-selected threshold value is a possible ex-
planation for the semblance of a specular peak in the average
radiance representing noninundated cover types (Fig. 2). Pre-
sumably, application of a more sophisticated classification algo-
rithm encompassing not only directional space but also spectral
space and polarization space would provide improved results for
classification of inundated vegetation.

Our apparent overestimation of inundation (Table I) was also
possibly due in part to treating mixed pixels as if they were ho-
mogenous. A successful mixture analysis, perhaps one in which
the directional information employed in this analysis is supple-
mented with spectral information, presumably would allow es-
timation of the fraction of each cover type within each pixel,
leading to improved estimates of the areal extent of each cover
type for the flight line.

We suspect our photo interpretation. In addition to the usual
generic sources of error commonly found in results obtained
through photo interpretation, our interpretation results may be
biased due to flare in the lens and film used to image the very
bright sun glint against a much darker background of foliage,
litter, and shadowed water. Finally, the differences (Table I) may
be due to the fact that different areas of the flight line were
represented in the 11 photographic images of the sun glint as
compared to the 50 POLDER images of the sun glint.

Except for small areas of open water and several small rivers
and streams misclassified as inundated vegetation and excepting
the overestimation of inundated vegetation, the classification re-
sults (Fig. 5) appear in good agreement with Table I, obtained
from a wetlands map of the flight line that was developed by
photo-interpreting the 11 large-format aerial photographs. Mis-
classification of small rivers and small open water areas as in-
undated vegetation is thought in part due to the wind-sheltering
effects of nearby tall woody vegetation.

C. Wetlands Classification Using Sun Glint

These results demonstrate that classification of the glitter
is possible if and only if a ground region has been observed
in or near the specular direction in the principal plane. If not,
then naive application of the classifier may provide errors of
omission; inundated vegetation may be present but presumably
would not be detected.

D. Normalized Difference Vegetation Index

Our results (Fig. 3) suggest that NDVI, when estimated both
in the specular direction and away from the specular direction,
will provide a metric sensitive to detection of inundated vege-
tation. In directions away from the specular direction, the sig-
natures of noninundated cover types and of inundated vegeta-
tion appear similar, each having a local maximum in the hot
spot direction. NDVI values are low in the specular direction be-
cause the glitter from the water surface of the inundated vegeta-
tion is large in both the red and near infrared wavelength bands,
yielding NDVI values close to zero.

E. Other Sources of Variability

Pure pixels within the open water cluster (Fig. 4) appear
somewhat dispersed rather than tightly clumped about one
location, presumably due both to differences in the interaction
process between wind and the water surface as well as to
the effects of misregistration between bands in directional
space. The differences in the wind–water interaction process
may depend in part upon the geographical size and depth
of the open water area and upon the sheltering provided by
nearby vegetation and land forms. Taking these differences
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into account suggests that the size of the specular lobe of open
water may at times be much less than 30in which case the
data would likely be dispersed as in this study.

Misregistration between the two directional bands of Fig. 4
may also be important for understanding the dispersion of
the data representing open water. For measurements of open
water having a 30 specular lobe, data in the two directional
bands—which are only 4apart—should be highly correlated.
However, increasing amounts of misregistration will tend to
reduce the correlation between bands, changing the dispersion
of the data from an elongated shape toward the origin to the
more rounded cluster of pure open-water pixels evident in
Fig. 4. The amount of misregistration between these two bands
varied from zero to a maximum of approximately 0.5 pixels,
depending upon the specific location along the flight line. The
decorrelation effects provided by the misregistration of these
two directional bands presumably are similar to decorrelation
effects due to misregistration between two spectral bands [32].

The inundated vegetation line segment (Fig. 4) terminated by
pure pixel clusters representing, respectively, inundated vegeta-
tion and noninundated cover types presumably includes along
its length mixed pixels representing varying proportions of these
two classes. In addition, however, the spread of the data points
along the inundated vegetation line may represent a second po-
tential source of variation due to the light-transmitting properties
of the emergent vegetation. As a consequence, the ground foot-
print of some pixels located along the inundated vegetation line
mayincludeonlyinundatedvegetation,notamixtureof inundated
vegetation and noninundated cover types. The varying amounts
of vegetation emergent above the water surface will correspond-
ingly reduce the magnitude of the direct beam sunlight, a mag-
nitude represented by a position along the inundated vegetation
line, thatsuccessfullytraversesthecanopytwice—fromthesunto
the water surface and from the water surface to the sensor. The ef-
fect increases with decreasingsolar elevation. If the canopy inter-
cepts littledirectbeamsunlight, thenthecorrespondingdatapoint
would be located close presumably to the end of the line near the
inundated-vegetation pure pixels. Conversely, data points repre-
senting a canopy that intercepts most direct beam sunlight would
be located presumably at the other end of the line near the pure
pixels of noninundated cover types. In other words the inundated
vegetation line presumably includes along its length some pure
inundated vegetation pixels.

The scatter of data along the inundated vegetation line (Fig. 4)
may also represent a third potential source of variation due to un-
dersampling of inundated vegetation. The POLDER sensor mea-
suredtheradiancepeakof inundatedvegetation,whichisapproxi-
mately 5 wide (FWHM), sampling with an angular resolution of
approximately 6.5. This means that few samples represent the
maximum radiance of the inundated vegetation—and that most
data values representing inundated vegetation appear at interme-
diate values along the inundated vegetation line segment.

V. CONCLUSIONS

We have developed a new remote-sensing technique for iden-
tifying inundated areas based on the properties of the glitter—the
strong, angular signature reflection that is characteristic of

surface water and uncharacteristic of other cover types. We
discriminated three cover types—vegetation emergent above
inundatedsoils,openwater,andnoninundatedcovertypes—from
analysis of directional data, not spectral data, collected by the
airborne POLDER sensor. Application of our new technique
holds promise for mapping the seasonal and interannual extent of
inundation, a key descriptor of wetlands hydrology.
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