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Use of NOAA/AVHRR Visible and Near-Infrared Data
For Land Remote Sensing

Stanley R. Schneider*, David F. McGinnis Jr.*
and James A. Gatlinz

Abstract

NOAA-6 AVHRR visible and near-infrared digital data were
analyzed for their usefulness in monitoring lake ice, snowcover,
water quality, crop condition and terrain classification on the
H.P. 1000 computer interactive system. Terrain phenomena that had
heretofore been studied using Landsat MSS data could also be
monitored with the NOAA-6 channels, but at a lesser resolution.

*Hydrologists, NOAA/National Earth Satellite Service, Dept, of Commerce,
Washington, D.C.

2Chief, Sensor Evaluation Branch, NASA Goddard Space Flight Center, Greenbelt,
MD.



INTRODUCTION

On July 23, 1972, the National Aeronautics and Space Administration
(NASA) launched the Earth Resources Technology Satellite, later renamed
Landsat-1. Two follow-up satellites in the series, Landsats-2 and -3 were
launched in January 1975 and March 1978 respectively. Each of these
satellites contains a Multispectral Scanner (MSS) which provides 80 meter
resolution coverage in four different spectral channels. Of particular
interest to this study are the visible (MSS band 5) and near infrared, (MSS
band 7) channels. Data from these channels have been demonstrated to be
useful in studies of lake ice, snowcover, water quality, crop growth and
terrain classification (Short et al., 1976.)

In October 1978, the National Oceanic and Atmospheric
Administration/National Earth Satellite Service (NOAA/NESS) launched TIROS-N
the first operational four channel polar orbiting satellite. Previous NOAA
polar orbiting satellites (the ITOS series) had contained sensors that imaged
only in the visible and thermal infrared regions of the spectrum. The
Advanced Very High Resolution Radiometer (AVHRR) onboard TIROS-N provided data
in the four spectral intervals of: 0.55-0.9 urn, 0.725-1.1 urn, 3.55-3.93 um
and 10.5-11.5 urn. Because the overlap in the first two channels hindered
effective multispectral studies it was decided that future satellites in the
series would have AVHRRs with the first channel narrowed to the purely visible
region ie, 0.58-0.68 urn. This adjustment became effective with the launch of
NOAA-6 in June 1979. Figure 1 shows spectral response curves for MSS bands 5
and 7 and NOAA-6 AVHRR channel 1 and 2. Although the curves are quite
similar, note that the AVHRR channel 2 responds to energy from a larger
portion of the spectrum than MSS band 7. Whereas the MSS band 7 response
begins at about 0.8 urn, almost 30 percent of the AVHRR channel 2 response lies
in the 0.7 umn to 0.8 umn region. The purpose of this report is to assess the
comparative usefulness of NOAA-6 AVHRR channels 1 and 2 in the monitoring of
terrain phenomena that have been previously studied using Landsat MSS data.

SATELLITE, SENSOR AND DATA

The NOAA-6 satellite operates at an altitude of 850 km with a local
equatorial crossing time of 0730 and 1930. It has an orbital period of 102
minutes which produces 14.1 orbits per day. Its four channel AVHRR has an
instantaneous field of view (IFOV) of 1.4 milliradians which yields a
resolution of 1.1 km. NOAA-6 scans the earth spanning an angle +56 degrees
from nadir.

AVHRR data used in this study were originally ingested onto a tape
recorder onboard the NOAA-6 satellite and transmitted to the NESS Command and
Data Acquisition (CDA) station at Wallops Island, Virginia. From there the
data were retransmitted via a communications satellite to NESS headquarters in
Suitland, Maryland, for permanent storage on a Terra Bit Memory, (TBM)



system. The data were then dumped to nine-track computer compatible tapes
(CCT’s) for detailed study and analysis. Tapes were generated for the
following three (3) cases:

Date Orbit #
12 April 80 4123
27 April 80 4322
4 May 80 4436

Tapes for each orbit contain 11 minutes of data covering an earth swath
of 4500 km (along the orbital track) x 2700 km (horizon-to-horizon). Each
recorded satellite pass consists of about 4000 scan lines; each scan line is
comprised in turn of 2048 picture elements (pixels). These data pixels are
represented on the tapes as 10 bit digital counts with values ranging from 0
to 1023. Calibration coefficients, solar zenith angles and earth location
data are included with each scan line. Coefficients used to convert AVHRR
channels 1 and 2 digital counts into planetary albedoes were developed during
pre-launch calibration tests. Look-up tables consisting of 8-bit count-to-
albedo relationships for both channels 1 and 2 are given in Appendix A.
Detailed information on NOAA-6 and the AVHRR can be found in Hussey (1977),
Kidwell (1979) and Schwalb (1979).

DATA ANALYSIS METHODS

The AVHRR digital tapes were analyzed on the H.P. 1000 interactive system
located at the NASA/Goddard Space Flight Center. A schematic of this system
is included in Appendix B. Data may be displayed on this system with grid
overlays and mapped to several different projections; gray shade and color
enhancement capability is provided. A color bar of up to 64 levels can be
selected from a possible 2048 different colors. Linear modification of image
data can be performed on-line in the form of contouring the image, difference
of two images, ratio of two images, differentiation of an image and
combinations of these capabilities. A selected portion of an image may be
enlarged or compressed by a floating point factor such as 2.2 or 3.0. On-line
filtering and enhancement techniques are selectable. The methods available
are median, laplacian, triangular convolution and gaussian convolution.
Profiles of the image data may be obtained by horizontal, vertical, radial or
circular sampling of the pixels. Hardcopy output is available by means of a
plotting device and a video camera system. The camera uses Polaroid 8x10
color film which can be exposed and developed in less than two minutes for any

selected image.
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Figure 1 - Spectral response curves for NOAA-6 AVHRR channels 1 and 2, top.
Response curves for Landsat MSS Bands 5 and 7, bottom.



CASE STUDIES

Lake Ice

Comparisons of visible and near-infrared satellite data for monitoring of
lake ice was first documented by D.F. McGinnis (1972). Data from sensors
onboard NASA's experimental Nimbus 3 meteorological satellite, launched in
April 1969, were used in a study of four lakes in Canada: Winnipeg,
Athabaska, Great Slave and Great Bear. It was found that "graduated melting
conditions were detectable from the early stages to complete surface melt.”
Decreased reflectivity of ice in the near infrared has also been documented by
Wiesnet et al (1974) in studies of Lake Erie ice using Landsat MSS bands 5 and
7 data.

For this study, lake ice was analyzed from NOAA-6 AVHRR data collected
over Canada on April 12 and April 27, 1980. Local satellite overpass times
wer 7:59 am. and 7:53 a.m. respectively.

Visible and near-infrared images of Lake Winnipeg, Manitoba are shown in
Figures 2 (April 12) and 3 (April 27). On April 12 the lake, especially the
northern section, appears bright in both the visible and near-infrared, due to
a deep snowcover. The surrounding forest is partly snowcovered. On April 27
the lake appears darker in both spectral bands; in fact the southern part
almost disappears in the near-infrared. The terrain east and west of the lake
is snow-free on this latter date.

Figures 4 and 5 show "albedo" traces across transects labelled A-A and B-
B in Figures 2 and 3. The digital count values were converted to albedoes
using the satellite pre-launch calibrations and were normalized for varying
illumination by dividing by cosine of the solar zenith angle. As used here,
albedo is defined as the ratio of total solar radient energy returned by a
body to the total solar radient energy incident on a body.

The April 12 plot in Figure 4 begins just west of the lake in snhow-
covered forest; here visible albedoes are in the 0.15 range. Visible albedoes
over the lake exceed 0.80 and peak at 0.88. Near-infrared albedoes are 0.65-
0.72 and are generally 0.15-0.17 less than the visible. The plots dip sharply
near the western end of the profiles where the scan line crosses Selkirk
Island. On April-27 the visible albedoes in Figure 4 have dropped to the
0.50-0.55 range, while near-infrared albedoes are 0.37-0.40. Note also that
the profiles on April 27 are much noisier than those of two weeks earlier. By

April 27 much of the snow may have melted away; the wvariations in albedo are
likely due to variations in snow/ice thickness.

Figure 5 shows visible and near-infrared albedoes across southern Lake
Winnipeg, along the line B-B in Figures 2 and 3. On April 12 visible albedoes
are 0.80-0.83, while those in the near-infrared are 0.62-0.65. The sharp dip
near the eastern shore represents Elk Island. Albedoes on the 27th are
dramatically decreased: 0.21-0.23 for the visible, 0.16-0.19 for the near-
infrared. In the near-infrared, the albedo of the snow-free forest adjacent
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Figure 2 - Visible (top) and near-infrared (bottom) images of Lake Winnipeg on
April 12, 1980, at 7:59 a.m. local time.
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Figure 3 - Visible (top) and near-infrared (bottom) images of Lake Winnipeg on
April 27, 1980, at 7:53 a.m. local time.
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Figure 4 - Albedo trace (A-A on Figures 2 and 3) across northern Lake Winnipeg
on April 12, 1980 (top) and April 27 (bottom).
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Figure 5 - Albedo trace (B-B on Figures 2 and 3) across southern Lake Winnipeg
on April 12, 1980 (top) and April 27, 1980 (bottom).



to the lake is roughly equivalent to that of the snow/ice on the lake itself,
virtually masking the southern part of Lake Winnipeg on the satellite image
(the lower image in Figure 3). This is consistent with information on
reflectance of vegetation and chlorophyll given by Hoffer and Johannsen
(1969).

Three lakes in central Saskatchewan near 55° N, 110° W were also analyzed
with the April 12 (Figure 6) and April 27 (Figure 7) data. On April 12, when
the regional snowline was located immediately to the north of the lakes, all
three lakes appear bright in both the visible and near-infrared images. By
April 27, when almost all of the Saskatchewan snow cover had disappeared, the
lakes still appear snow/ice covered on the visible image (Figure 7, top), but
barely discernable on the near-infrared image (Figure 7, bottom).

Visible and near-infrared profiles for these three lakes, along the line
C-C in Figures 6 and 7, are shown for April 12 and 27 in Figure 8. On April
12 the visible and near-infrared albedoes are 0.64-0.70 and 0.51-0.58
respectively, compared to 0.15-0.17 and 0.20-0.24 for the adjacent land. By
April 27, albedoes over the lakes had dropped to 0.24-0.40 for the visible and
0.19-0.29 for the near-infrared. On this date the westernmost lake, Egg Lake,
is actually less reflective in the near-infrared than the adjoining land.
This very low near-infrared reflectance is perhaps caused by liquid water on
the snow/ice cover. Near-infrared transmittance by water is very small
(Specht et al., 1973)e

Table 1 shows the average channel 1 and 2 albedoes for each of the lakes
on April 12 and 27 (left-hand column). The middle column shows the channel 1-
2 difference for the lakes and the righthand column shows the same difference
expressed as a percent of visible albedo. The data in the middle column show
that, generally, the difference between visible and near-infrared albedoes
becomes less as melt proceeds. The data in the righthand column show that the
percentage channel 1-2 decrease in ice albedo is greater during the later
stages of melt. This is particularly evident in the case of Egg Lake where
ice albedoes on April 27 decline by 42.4% when viewed in the near infrared
wavelength as opposed to the visible.

Unfortunately, no data were analyzed for these lakes during frozen mid-
winter conditions. The characteristic NOAA-6 early morning overpass, and
attendant low solar illumination angles prevent the use of channel 1 and 2
AVHRR data until early spring. Subsequent studies of lake ice will be done
using NOAA-7 satellite data. This satellite, scheduled for launch in July
1981, will have a 2:30 P.M. overpass time that allows for year-round snow and
ice studies.

Snowe over

Satellite data have been used in observations of mountain and prairie
snowcover since the early 1960fs (Barnes and Smallwood, 1975). A recently
completed NASA-sponsored Applications Systems Verification Test (ASVT)
demonstrated the cost-effectiveness of including satellite snowcover data in
the management of water resources in the western United States (Rango,

10
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Figure 6 - Visible (top) and near-infrared (bottom) images of Egg Lake, Lac La
Ronge, and Wapawekka Lake, on April 12 at 7:59 a.m. local time.
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Figure 7 - Visible (top) and near-infrared (bottom) images of Egg Lake, Lac La
Ronge, and Wapawekka Lake on April 27.
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1980). An operational snowmapping program was inaugurated at NOAA in 1974 and
now serves more than 30 selected watersheds in the western United States
(Schneider,1980). Although visible data have proved to be superior for
definition of snow extent, the near-infrared holds the promise of providing
additional useful information on the condition of the snowpack. Figure 9
contains response curves for a non-melting and melting snow surface as
determined experimentally at the Army Cold Regions Research and Engineering
Laboratory (O'Brien and Munis, 1975). The experiments were conducted on snow
samples of 10 cm depth. As can be seen, snow has a very high reflectance in
the visible region of the spectrum and falls off sharply in the near-
infrared. Snow reflectivity decreases rapidly throughout most of the near
infrared portion of the spectrum with the onset of surface melt. Attempts to
reproduce the O'Brien and Munis findings with satellite data have met with
only partial success owing to sensor limitations and substrate influence on

snowcCover response.

Eschner et al (1977) showed that, in contrast to the findings of O'Brien
and Munis, snowcover reflectivity in the Adirondack Mountains actually
increased in the near infrared (Landsat Band 7). The increase in snow
reflectance was no doubt caused by the effect of the dense foliage ie;
coniferous and deciduous forests.

Wiesnet et al (1974) found that a disturbing feature of monitoring
snowcover from digitized Landsat MSS data was the low threshold of saturation,
particularly in band 5. During the early melt season in the Sierra Nevada
Mts, more than 75 percent of the snow pixels had brightness value at
saturation. In band 7, 25 percent of the pixels reached saturation. The
designed upper limits of 36 percent albedo in band 5 and 48 percent in band 7
(Dozier, 1981) are much too low for multispectral studies of bright snow
surfaces. Landsat was, of course, designed for earth resource surveys and not
for snow studies. Mention was made (General Electric Corp, 1972) that clouds
may often saturate the MSS; unfortunately, snow has similarly high brightness
values. NOAA-6, on the other hand, is designed to permit studies of highly
reflective targets; ie clouds, ice and snow. Consequently the saturation
levels in AVHRR channels 1 and 2 are set respectively at 79.1 percent and 93.1
percent albedo (ITT, 1980).

For this report, five different transects (Figure 10) were selected from
the previously mentioned April 12th NOAA-6 pass (orbit 4123). Three of the
study areas were located in mountainous regions of Wyoming and Colorado; the
remaining area, having two transects, lies in the prairie region of western
Kansas and Nebraska. Figure 11 contains channel 1 and 2 profiles taken along
a 160 km NW-SE transect in the Wyoming-Colorado border area. This line is
labelled D-D on Figure 10. Albedoes of deep prairie snow as well as snow
above the timberline peak at about .70 in channel 1 and .62 in channel 2.
Note that due to the masking effect of foliage, snowcovered forest actually
exhibits higher albedoes in channel 2 than channel 1. This channel 2-channel
1 difference varies directly with the density of forest canopy. The densest
(darkest) snowcovered forests on the profile have channel 2—channel 1
differences of .10 while snowcover in sparse woodland is almost equally
reflective in both channels.

15
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Figure 9 - Spectral response curves for a nonmelting (A) and melting (B) gnow
surface (after OfBrien and Munis, 1975)
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Figure 10 - Blow-up of a portion of the April 12th NOAA-6 image, orbit #4123,
showing the partially snowcovered Rocky Mountains and Great
Plains.
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Another 160 km NW-SE profile was studied in the San Juan Mt. region of
western Colorado. This transect is labelled E-E on Figure 10. On the profile
(Figure 12) the heightened response of vegetation and foliage in the near-
infrared is indicated by increased channel 2 reflectances for snowfree prairie
as well as within both snowfree and snowcovered forest. Only in the case of
snow above the timberline did channel 1 albedoes exceed those of channel 2.
Identical low reflectances are found in steep river valleys where shadows mask

the snow response in both channels.

A 110 km W-E profile for the upper Rio Grande watershed in Colorado is
shown in Figure 13; the transect is labelled F-F on Figure 10. As on the
other profiles, snow above the timberline and deep prairie snow is more
reflective in channel 1; snow in forest is more reflective in channel 2.
Elevations along this profile generally decrease going from west to east; a
sharp change in terrain from mountain to prairie (San Luis Valley) occurs at
about the 40 km mark. The prairie snow decreases in depth until the snowline
is reached at about the 90 km mark. As the snow depth decreases underlying
grass and shrubs begin to account for more and more of the albedo response
causing the channel 1 and 2 curves to draw together. At a point near the
snowline, the channel 1 and 2 reflectivities interchange with those of channel
2 becoming characteristically dominant on the snowfree prairie.

The channel 1 and 2 profiles in Figure 14 were determined over a 280 km
N-S transect in western Nebraska and Kansas (labelled G-G on Figure 10).
Snowcover on this date ranged from trace amounts to about 10 cm (4 in) (NOAA,
1980). For a shallow snow pack such as this, it can be assumed that snow
brightness varies directly with depth (McGinnis, 1975). On this profile, the
greatest channel 1 -channel 2 differences occur over the brightest (deepest)
snowcover. It can again be seen that as snow depths decrease, the underlying
vegetation causes the channel 1 and 2 response to merge. The channel 2 curve
does not cross channel 1 until the snowline is reached at the 250 km mark.

Figure 15 shows another 280 km profile in Kansas and Nebraska (G'-G' on
Figure 10) which runs in a north-south direction at a distance approximately
150 km parallel and east of line G-G. This profile shows a typical grassland
response with channel 2 reflectivities in the .15 range and channel !
reflectivities averaging about .11. Note the homogeneity of albedoes in this
region of Nebraska and Kansas given the absence of snowcover.

Water Penetration/Land-Water Interface

Landsat MSS data have been found useful for lake water quality monitoring
by several investigators. Wiesnet (1976) demonstrated the use of Landsat for
monitoring sediment inflow to Canada's Great Slave lake. Scarpace and Fisher
(1980) classified approximately 5000 Wisconsin lakes into seven different
trophic classes using digitized Landsat data. Strong and Eadie (1978) used
data from Landsat, NOAA-2 and Skylab to map the occurrence and distribution of
calcium carbonate precipitate in the Great Lakes. Sydor (1980) was able to"
estimate the concentration of particulates in western Lake Superior to within
0.05 mg/liter when comparing data from Landsat and an auxiliary ground-based

NASA radiometer.
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With few exceptions, water quality studies conducted with Landsat have
utilized data in the shorter wavelength portion of the spectrum; i.e., MSS
bands 4 and 5. The ability of light in various wavelengths to penetrate water
is shown in the graph on Figure 16. Only blue and green wavelengths (0.4 to
0.6 um) of light penetrate below 20 meters. In the visible spectrum (Landsat
band 5 and AVHRR channel 1) light penetrates to a depth of 3-6 meters. In the
near-infrared light penetration is restricted to a depth of only 0.1 meters
(Moore, 1978). Note that water reflectivity, as shown in Figure 16 peaks in
the visible range at a wavelength of about 0.5 um and then decreases rapidly
in the near-infrared.

Figure 17 contains enlargements of channels 1 and 2 AVHRR imagery of
April 27, 1980. Line H-H on these figures is an 80 km, N-S profile that
transects Montana's Ft. Peck Reservoir. This body of water, approximately 980
kin in surface area and 67 meters deep, is a byproduct of the construction of
Ft. Peck Dam and is the third largest impoundment of water on the Missouri
River (Todd, 1970). The albedo traces along transect H-H are shown in Figure
18. The lake appears black on both images and exhibits low albedoes owing to
its great depth and purity. The channel 2 reponse exceeds that of channel 1
by about .03 over the grasslands north and south of Ft. Peck Reservoir. The
situation is reversed over the water where channel 1 response exceeds that of
channel 2 by .01.

A 160 km W-E transect in the Canadian province of Saskatchewan is
labelled 1-1 on Figure 17. The transect cuts thru OIld Wives' Lake, a shallow
intermittent body of water that varies in surface area from 0 to 395 km2 and
in depth from 0 to 3 meters (Pentland, 1981). The lake has a relatively high
albedo in channel 1 and is somewhat difficult to discern on Figure 17.
However, in channel 2 Old Wives' Lake appears as black as Ft. Peck Reservoir
to the south. Albedo traces are located at Figure 19; they show a channel 1-2
difference for Old Wives' Lake that is over four times greater than was the
case for Ft. Peck. The lowered albedoes for the water in channel 2, combined
with the increased channel 2 brightness over the surrounding land, are the
reason for a sharper land-water interface in these near-infrared images.

Two more profile lines were studied within the border of Utah and are
depicted in Figure 20. An illustration was used in this particular case
because the features under study were obscure and difficult to discern on the
original satellite imagery of April 12, 1980. Figure 21 shows a 50 km W-E
profile line cutting across Utah lake; the profile is labelled J-J on Figure
20. Channel 2 albedoes exceed those of channel 1 by about .03 in the
vegetated region west of Utah Lake and by as much as .09 in the crop land east
of the lake. Channel 1 albedoes are higher than those of channel 2 by about
+09 over Utah Lake and by about .02 over the snowcovered, Wasatch Moutains to
the east. The very high reflectance of the water in channel 1 is due to the
shallowness and turbidity of Utah Lake. During this time of year, sediment-
laden water enters the lake in response to snowmelt in the mountains, causing
it to take on a milky appearance (Short et al 1976). On a visible (channel 1)
image the lake is almost impossible to discern owing to its similarity in
reflectivity to the surrounding terrain. In the near infrared, however, the
lake stands out clearly due to a combination of lower water albedoes and
brighter land response.
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CLEAR, DEEP WATER

Surface

05 06
WAVELENGTH (MICROMETERS)

Figure 16 - Spectral response curves for water at the surface and depths
of 0.2, 2.0 and 20.0 meters. Energy units are radient flux
per unit wavelength interval (after Moore, 1978) .
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Figure 17 — Visible (left) and near-infrared (right) images of the
Saskatchewan-Montana border area. These are blow-up of the
April 27th NOAA-6 images, orbit #4322,
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IDAHO

GREAT
RAILROAD.
CAUSEWAY
Salt Lake
10 20 30 40 50 MILES
Q » IS 1 '
D 20 30 40 %0%0 70 80 KILOMETERS
Figure 20 - Illustration showing Utah Lake, Great Salt Lake and environs.

Note the railroad causeway nearly bisecting Great Salt Lake.
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Transect K-K in Figure 20 extends 140 km NW-SE cutting diagonally across
Great Salt Lake; albedo traces along this line are shown in Figure 22. Great
Salt Lake has a surface area of over 2500 kin but a maximum depth of only 9
meters. The lake is essentially divided into two basins, the north and south
arms, by a semipermeable rockfill railroad causeway constructed during the two
year period 1957-1959 (Matson and Berg, 1981). Owing to the interruption of
circulation by the causeway of the Southern Pacific railroad, the lake has
become more saline in the north and exhibits a uniformly turbid appearance
best seen in shorter wavelengths; i.e., Landsat band 4 and 5 (Short el al
1976). Since more than 90 percent of the fresh water inflow enters the south
arm (Lin et al, 1972), the north arm is little more than an evaporation
basin. The difference in reflectivity between north and south arm can be seen
in Figure 22. North of the causeway channel 1 albedoes are a uniform 0.13;
south of the causeway channel 1! albedoes drop to less than 0.06. Channel 2
albedoes on the other hand are almost constant on either side of the
causeway. On visible satellite images the disparity between the north and
south arms is readily apparent to the naked eye; on near infrared images the
lake appears uniformly black.

Data for the four lakes studied in this section (profiles H-H through K-
K) are presented in Table 2. The table shows that shallow, turbid lakes ie;
Old Wive's, Utah and Great Salt north arm, have the greatest channel 1
albedoes and large channel 1-2 differences. A clear deep lake such as Ft.
Peck, will have a low visible (channel 1) albedo and small channel 1-2
difference.

Vegetation Monitoring/Terrain Classification

The usefulness of visible and near-infrared wavelengths of light in
terrain and crop classification, determination of acreage under cultivation
and the monitoring of crop condition is well documented in the literature.
Tucker et al. (1980) found that visible and near-infrared data from hand-held
radiometers could be used to indicate vigor and condition of plant canopy.
Holben et al. (1980) used similar data to accurately measure green leaf area
and green leaf biomass. Tucker et al. (1980) successfully related
combinations of visible and near-infrared data to subsequent grain yield.
Thompson and Wehmanen (1980) used Landsat digital data to detect moisture
stress in corn and soybean growing regions. Leaf area index estimates for
wheat from Landsat were reported on by Wiegand et al (1979).

The response of a green leaf (chlorophyll) in various wavelengths of
light is shown in Figure 23. Note that green leaf reflectance dips low in the
visible wavelengths and bottoms out near .65 urn. Response increases
exponentially in the near-infrared portion of the spectrum (i.e., Landsat MSS
band 7 and AVHRR channel 2).

The increased terrain response in AVHRR channel 2 when compared to
channel 1 has already been demonstrated for prairie grasslands (Figure 15).

The high chlorophyll density associated with alpine forests was actually found
to mask and indeed, reverse the "normal" drop in channel 2 snowcover
reflectance (Figures 11, 12, and 13). As expected, the greatest channel 2
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Green Leaf
(Chlorophyll)

0.7 0.8 0
WAVELENGTH (MICROMETERS)

Figure 23 - Spectral response curve for a green leaf (chlorophyll pigment)
after Hoffer and Johannsen (1969).
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reflectivities, and channel 2- channel 1 disparities, were found over
cultivated areas. Figure 24 shows a portion of the May 4th 1980 NOAA-6 image,
orbit 4436. Transect L-L on this image is an 80 km W-E line cutting across
southern California's fertile Imperial Valley. Figure 25 contains the
corresponding channel 1, 2 albedo traces. This valley is irrigated by
Colorado River water which is routed thru the AIl American Canal. Primary
crops include sugar beets, cotton and citrus fruits. Imperial Valley has been
studied in detail using Landsat MSS images and was the subject of detailed
satellite analysis as far back as 1969 when multispectral color photographs of
the area were taken by Apollo 9 astronauts (Short et al, 1976). In NOAA-6
visible (channel 1) data Imperial Valley appears very dark and unreflective
when compared to the highly reflective desert to the west and east (see
Figures 24 and 25). In channel 2 albedoes over the cultivated area increase
by almost .20 and can actually be seen to exceed desert brightnesses. Note
that the peak channel 2 albedoes coincide with sharp dips in channel 1
albedoes. This conforms to the shape of the green leaf response curve shown
in Figure 23. A detailed study of Imperial Valley throughout the 1980 season
as viewed from NOAA-6 was the subject of Gatlin et al, 1981.

Figure 26 contains channel 1, 2 albedo traces for another area of
cultivation in the southwestern United States. This 50 km W-E profile line is
labelled M-M on Figure 24 and consists of irrigated cropland adjacent to the
lower Colorado River. Note again the high channel 2 response over the crop
area and the paired occurrences of the peak channel 2 albedoes with the lowest
channel 1 albedoes. In contrast, reflectivities are almost identical in both
channels over the bare desert lying west and east of the fertile valley.

The difference between near-infrared and visible albedoes in areas of
active cultivation has been referred to by investigators as the Agricultural
Vegetative Index (AVI), Crop Vegetative Index (CVI) and the Green Index Number
(GIN). Recent studies have shown that NOAA-6 AVHRR and Landsat MSS vegetative
indices were in close agreement when compared over a primary crop growing
region along the Brazil-Argentina border (Gray and McCrary, 1981). Figure 27
is a graph from that report showing the AVHRR channel 2-1 vs MSS Band 7-5
relationship. The significant correlation obtained was all the more
impressive considering that a) the Landsat MSS data were collected over a
three day period (March 15-17, 1980) and the AVHRR data were collected on a
single day (March 16, 1980), b) Landsat has an overpass time some two hours
later than NOAA-6 (9:20 AM. vs 7:20 A.M.), and c) Landsat MSS Band 7 and
NOAA-6 AVHRR channel 2 differ somewhat in spectral charateristics (see Figure
1). The study shows that NOAA-6 may be able to, at the very least, .supplement
Landsat as a tool for monitoring world agriculture.

A number of AVHRR channel 2-channel 1 "albedo difference pictures™ were
created using the H.P. 1000 computer interactive system at the NASA/Goddard
Space Flight Center. When color coded, these images provided a quick means of
classifying terrain into the following categories: alkali desert, desert
shrubland, prairie grassland, forest, (sparse, moderate and dense) and areas
under cultivation (light, moderate and intense). Forested regions and
cultivated crop lands exhibited similar channel 2-channel ! difference
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NOAA-6 Channel 2 - Channel

Counts

50

XXX

Calibrated Counts
Landsat MSS Band 7 - Band 5

Figure 27 - Significant correlations were found between Landsat MSS
Band 7-5 data (horizontal axis) and NOAA-6 AVHRR Channel 2-1

data (vertical axis). The study area was in South America.
NOAA-6 data from March 16, 1980. Landsat data from March 15-17,

1980. After Gray and McCrary (1981).
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responses and therefore had the same colors on the composited images. The
cultivated areas, however, generally could be distinguished from forest by
their characteristic geometric patterns.

SUMMARY

1. Lake ice albedoes are consistently lower in the near infrared (AVHRR
channel 2) wavelengths than the visible (AVHRR channel 1). The ice albedoes
decrease in both AVHRR channels 1 and 2 as melt progresses. In the later
stages of melt, the channel 2 lake surface response may become approximately
the same as that of the surrounding terrain, making the lake almost impossible
to discern on the near infrared imagery and digital data.

2. Snowcover albedoes in channels 1 and 2 are strongly influenced by the
nature of terrain and substrate. Deep prairie snow and snowcover above the
timberline are more reflective in the visible than the near-infrared. In
contrast, the near-infrared response of snowcover in forest generally exceeds
the visible response; this channel 2-channel 1 difference will vary directly
with canopy density. Shallow prairie snowcover and snowcover in sparse
deciduous woodlands may exhibit equal reflectances in both the visible and
near-infrared.

3. Resolution aside, NOAA-6 AVHRR data are more useful for multispectral
studies of snow and ice than Landsat MSS because of the higher saturation
albedoes of the sensor.

4. Bodies of water exhibit higher reflectivities in the visible than tKe
near-infrared wavelengths of light. Shallow turbid lakes have the greatest
channel 1 albedoes and high channel 1-channel 2 differences. Clear deep lakes
will have low visible (channel 1) albedoes and low channel 1-channel 2
differences.

5. The most distinct land-water interfaces are found in the near-infrared
(AVHRR channel 2). Lakes that were almost invisible on channel 1 imagery and
data were easily discemable in channel 2.

6. Vegetation response is greater in the near-infrared than in the
visible. The channel 2-channel 1 difference (vegetation index) becomes
greater with increasing chlorophyll content (green leaf biomass). In the
western United States vegetation indices for terrain types were found to
ascend in the following order: desert shrubland, prairie grassland, forest,
and cultivated crop land.

7. NOAA-6 AVHRR channel 2-channel ! albedo difference pictures generated on

computer interactive systems can be color coded for use in general terrain
classification.
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NOAA-6 AvHRR Channel 1 look-up table showing s bit satellite digital
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Figure A-l
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NOAA-6 AvHRR Channel 2 look-up table showing s hit satellite digital

count values vs, albedoes

Figure A-2
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