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ABSTRACT

A time history of the calibration coefficients for channels 1 and 2 of the Advanced Very High Resolution
Radiometer (AVHRR) on the NOAA-12 and NOAA-15 spacecraft is presented. The history isbased on reflectances
observed for the interior zones of the Antarctic and Greenland ice sheets previously obtained with the NOAA-
9 AVHRR, which serves as the calibration standard. Reflectances observed in December and January for the
Antarctic ice sheet are used to characterize sensor performance. Reflectances observed in May and June for the
interior of the Greenland ice sheet are used to detect any substantial midyear shifts in the coefficients. Prelaunch
calibration coefficients for the NOAA-12 AVHRR are shown to be in error and the coefficients drift with time.
The coefficients are compared with those reported in earlier studies, and the time rate of change of the calibration
is found to be smaller than previously reported. The observations for the NOAA-15 AVHRR are consistent with
the prelaunch calibration coefficients for channel 1 but indicate a slight shift in the coefficients for channel 2.
The calibration coefficients for the NOAA-15 AVHRR appear to be stable. A slight drift in the response of
channel 2 in the low-reflectance range is barely detectable.

1. Introduction

Measurements of reflected sunlight at a nominal wave-
length of 0.64 um, as observed with channel 1 of the
National Oceanic and Atmospheric Administration
(NOAA) Advanced Very High Resolution Radiometer
(AVHRR), are used to retrieve properties of clouds (Han
et ad. 1994; Nakagjima and Nakajima 1995; Wetzel and
Stowe 1999). Combined with the channel 1 observations,
measurements of reflected sunlight a a nomina wave-
length of 0.84 um, as observed with channel 2 of the
NOAA AVHRRs, are used to retrieve properties of aero-
sols (Durkee et a. 1991; Higurashi and Nakajima 1999;
Mischenko et al. 1999; Geogdzhayev et al. 2002; Coakley
et al. 2002). Since the derived cloud and aerosol properties
depend on the accuracy of the observed radiances, the
radiometric drift of the AVHRR shortwave channels has
received considerable attention. Rao and Chen (1995)
provided a radiometric calibration for channels 1 and 2
of the NOAA-9 AVHRR based on collocated observa-
tions made with calibrated aircraft radiometers. Using
a portion of the Lybian desert, they transferred the cal-
ibration for the NOAA-9 AVHRR to the NOAA-7 and
NOAA-11 AVHRRSs. They also used the desert to extend
the calibration to the NOAA-14 AVHRR (Rao and Chen
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1996). Loeb (1997) used the radiometric calibration of
the NOAA-9 AVHRR and developed standard channel-
1 and channel-2 reflectances for the interior ice sheets
of Antarcticaand Greenland. He showed that these stan-
dard reflectances were stable for 1985 and 1986. He
then used the ice sheets to check and extend the cali-
bration of channels 1 and 2 for the NOAA-11, -12, and
-14 AVHRRSs. Brest et al. (1997) used the NOAA-9
AVHRR to develop a global climatology of cloud-free
channel-1 reflectances. They then used monthly mean
averages of the departures of cloud-free reflectances
from the climatological values to derive calibration co-
efficients for AVHRR channel 1 on the NOAA-7, -8, -10,
-11, and -12 spacecraft. Tahnk and Coakley (2001a,b)
used the Antarctic and Greenland ice sheets to extend
the record started by Loeb (1997) for the NOAA-14
AVHRR. Masonis and Warren (2001) also used the Ant-
arctic and Greenland ice sheets to establish records of
drift for channels 1 and 2 of the NOAA-9, -10, and -11
AVHRRSs. Here, the Antarctic and Greenland ice sheets
are used to establish the time history of the calibration
for channels 1 and 2 of the NOAA-12 and NOAA-15
AVHRRSs. In the case of the NOAA-12 AVHRR, thetime
history derived here is consistent with the assessment
made by Loeb (1997). For channel 1, the reflectances
calculated here for the beginning of the NOAA-12
AVHRR are 7% smaller and the time rate of change of
the reflectances are considerably smaller than the values
given by Brest et al. (1997). While details of the der-
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ivation of the coefficients are given in Loeb (1997) and
in Tahnk and Coakley (2001a), a brief description of
the approach is provided here.

2. Analysis

The reflectance measured in an AVHRR field of view
is represented by a 10-bit raw pixel count. The reflec-
tance for channel i is given by

ri 8ES

R = )
Mo
withr, = «,Ci, — B;, where
R, = reflectance (equivalently, the isotropic albedo
in %),
r, = instrument reflectance (%),
a; = slope (% reflectance/count),
Ci, = 10-bit raw pixel count,
B = offset (% reflectance),
des = correction for mean Earth—Sun distance,
Mo = cosf, with 6, the solar zenith angle.

A distinction is made between R,, which represents the
reflectance for the individual observation and is a phys-
ical quantity, and r,, which is proportional to the radi-
ance measured by the AVHRR, and referred to as ““al-
bedo” in the NOAA Polar Orbiter User’s Guide (Kid-
well 1994). Herer, is referred to as *“instrument reflec-
tance.”

Using the calibration of the NOAA-9 AVHRR based
on aircraft observations (Rao and Chen 1995), Loeb
(1997) showed that for the interior ice sheets, spatially
uniform targets observed near nadir had channel-1 and
-2 reflectances given by

R, = 74.25 + 0.8953¢, — 0.0123362  (2a)

R, = 60.29 + 0.8305¢, — 0.0091562  (2b)
for Antarctica in December, and by

R, = 81.37 + 0.52026, — 0.00915262  (3a)

R, = 103.9 — 0.60726, + 0.00137362  (3b)

for Greenland in June. The reflectances in (2) are re-
stricted to solar zenith angles between 63° and 80°; those
in (3) are restricted to solar zenith angles between 46°
and 73°. Loeb (1997) demonstrated that (2) and (3) were
repeatable for 1985 and 1986. For the channel-1 ob-
servations of Greenland, Tahnk and Coakley (2001a)
found the reflectance standards proposed by Loeb
(1997) to be satisfactory for May and June. For channel
2, on the other hand, they proposed a new reflectance
standard for the Greenland ice sheet based on reflec-
tances observed with the NOAA-14 AVHRR at solar
zenith angles not analyzed by Loeb (1997). In applying
this new standard to NOAA-12 and NOAA-15 obser-
vations, however, reflectances observed in both channels
1 and 2 for July and August fell markedly below the
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reflectances observed in May and June of the same year
and for the same solar zenith angles. The smaller re-
flectances observed for late summer may well have been
caused by extensive meltwater (Stroeve et al. 1997). In
addition, Masonis and Warren (2001) note that day-to-
day changes in surface grain size of snow affects the
reflectances in the near infrared more so than at visible
wavelengths. Changes in the grain size of the snow may
also contribute to the relatively large variability of the
channel-2 reflectances. For these reasons, the channel-
2 observations of Greenland were restricted to June and
the standard reflectances proposed by Loeb (1997) were
used. Because the observations for Greenland exhibit
larger variability than those for Antarctica, perhaps in
part due to meltwater and rapid changes in the surface
grain size, the observations of the Antarctic ice sheet
are used to derive calibration coefficients while obser-
vations of the Greenland ice sheet serve as a midyear
check for any substantial changes in the coefficients.
Such a check may prove useful as significant changes,
even in sign, have been reported for the time-rate of
change of the calibration coefficients for the NOAA-10
and NOAA-14 AVHRRs (Tahnk and Coakley 2001b;
Masonis and Warren 2001).

For NOAA-12, launched in May 1991, daily AVHRR
Global Area Coverage (GAC) (Kidwell 1994) obser-
vations were analyzed for the months of January 1992—
98 and December 1998 for Antarctica, and for May and
June 1992-98 for Greenland. Owing to a failure in the
onboard GAC recorder, and the lack of datafrom aHigh
Resolution Picture Transmission (HRPT) receiving sta-
tion for either region, NOAA-12 AVHRR GAC and
HRPT dataare unavailablefor Antarcticaand Greenland
after December 1998. For NOAA-15, launched in May
1998, daily GAC aobservations were analyzed for De-
cember 1998, 1999, and 2001 and January 1999, 2000,
and 2002 for Antarctica and May and June 1999-2001
for Greenland. As explained later, the NOAA-15
AVHRR has two instrument slopes to be determined for
both channel 1 and channel 2: one for low ranges of
reflectances and a second for high ranges. The obser-
vations of Antarctica permitted only the calibration of
the low-range reflectances. In addition, owing to a fail-
ure in the AVHRR scanning motor, NOAA-15 AVHRR
data are unavailable between November 2000 and
March 2001.

The standard reflectances that Loeb (1997) estab-
lished for the Antarctic ice sheet were based solely on
December observations. Here we use January obser-
vations of Antarctica from the NOAA-12 AVHRR and
December and January observations from the NOAA-
15 AVHRR. The NOAA-15 observations for both De-
cember and January fit the standard reflectances equally
well, suggesting that the standard reflectances for Ant-
arctica are applicable for both December and January
observations.

Following Loeb (1997), the satellite observations used
to derive calibration coefficients are restricted to nadir
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Fic. 1. NOAA-12 AVHRR reflectances for Antarctica and N, the
spatial uniformity index, for 17 X 17 arrays of 4-km pixels with view
zenith angles less than 18° and solar zenith angles between 75° and
80° for (a)—(e) channel 1 and (f)—(j) channel 2. The reflectances were
obtained using the prelaunch calibration of theinstrument reflectances
given by (5a) and (5b).

observations (view zenith angles less than 18°) and sub-
jected to a spatial uniformity test. By restricting the ob-
servations to near nadir viewing geometries, effects due
to the anisotropy of the reflected radiances are reduced.
For the spatial uniformity test, the GAC AVHRR 4-km
data are divided into 17 scan line by 17 scan spot scenes
covering approximately (68 km)2 subregions at nadir.
Large spatial variations are avoided by selecting these
scenes to be away from coastal regions and well within
theinteriors of the continents. For Antarctica, sceneswere
collected for 72°-80°S and 90°-130°E. For Greenland,
scenes were collected for 73°-78°N and 32°-48°W. An
index of spatial uniformity is calculated for each (68 km)?2
scene. The index is given by

1/ 0, P O3 04
N=-—"|=—=+ =+ = + = ><100°/, 4
4<R1 Rz T3 T4 ’ ()

where (for channel number given by the subscript):

N = index of spatia uniformity (in %),

R, R, = mean channel reflectances,

o, 0, = standard deviation of channel reflectances,
T,, T, = mean channel brightness temperatures,
o3, 0, = standard deviation of channel brightness

temperatures.

Small N implies spatial uniformity in reflectances and
brightness temperatures within the scene. Spatial uni-
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Fic. 2. NOAA-15 AVHRR reflectances for Antarctica and N, the
spatial uniformity index, for 17 X 17 arrays of 4-km pixels with view
zenith angles less than 18° and solar zenith angles between 75° and
80° for (a)—(c) channel 1 and (d)—(f) channel 2. Low-rangeinstrument
reflectances were used for both channels. The reflectances were ob-
tained using the prelaunch instrument reflectances given by (6a) and
(6¢).

formity is obviously desirable in a calibration target.
Any spatial variability could be caused by clouds or by
spatial variability in the snow and ice surfaces. As was
pointed out by Loeb (1997), cloud particles scatter
strongly in the forward direction. Consequently, when
the incident sunlight is at high solar zenith angles, as it
is for the observations of Antarctica and Greenland,
scenes with highly reflecting surfaces, like snow and
ice, have lower nadir reflectances when overcast than
when cloudfree. The forward scattering by the cloud
particles directs the incident sunlight away from the
surface so that the light cannot be redirected by the
surface toward the nadir-viewing satellite radiometer. In
other words, clouds increase N and lower the nadir re-
flectance. As illustrated in the next section, N < 0.5%
appears to remove contamination by objects that would
reduce the observed reflectances.

3. Results

Figures 1 and 2 show reflectances and N, the index
of spatial uniformity, for NOAA-12 and NOAA-15
AVHRR channels 1 and 2. Because the observations are
consistent with those of the other years, the NOAA-12
AVHRR observations for January 1995 and January
1997 are not shown. For consistency between years,
only subregions with solar zenith angles between 75°
and 80° are shown for both NOAA-12 and NOAA-15.
The reflectances in the figures were calibrated using the
prelaunch calibration coefficients supplied by NOAA
National Environmental Satellite Data and Information
Service (Kidwell 1994) and imbedded in the level 1b



NovEMBER 2002

70f 1 70} T
60¢ N, {60t
50 i 50F Q:ﬂ‘\
40} {40}
(a) JAN 1992 (f) JAN 1992
70f i 70f T
60} T {eof
50F - 150k -
401 401
(b) JAN 1993 (9) JAN 1993
& 70} 170k T
g 60} R, 160}
& 50F - 1 50F g,
© 40} 1 40} -
D L) JAN1994 | (h) JAN 1994
& 70 {70} T
60 ~, 60}
50 150F -y
40} { 40t
(d) JAN 1996 (i) JAN 1996
70f i 70t T
60 ¢ " 1 60F
50 " 504 b
40 1 40t
_(e) JAN 1998 _ (i) JAN 1998
60 70 80 60 70 80

Solar Zenith Angle () Solar Zenith Angle ()

Fic. 3. NOAA-12 AVHRR reflectances for Antarctica and solar
zenith angles for 17 X 17 arrays of 4-km pixels with spatial unifor-
mity index, N < 0.5% for (a)—(€) channel 1 and (f)—(j) channel 2.
The solid lines represent the NOAA-9 calibration references for Ant-
arctica as given by (2a) and (2b). The NOAA-12 reflectances were
obtained using the prelaunch instrument reflectances given by (5a)
and (5b).

data For NOAA-12, the channel-1 and -2 instrument
reflectances are given by

r, = 0.1042C}, — 4.4491 (59)
r, = 0.1014C2, — 3.9926. (5b)

The NOAA-15 AVHRR has adual slope gain function
for the visible and near-IR channels. The augmented
gain enhances radiometric resolution at low values of
the instrument reflectances, with only minor loss of res-
olution at higher values of the instrument reflectances.
For channel 1, the NOAA-15 AVHRR prelaunch instru-
ment reflectances are given by

rLow — 0.0568CY, — 2.1874 (63)

ry'eH = 0.1633C1, — 54.9928, (6b)

with atransition pixel count of 496. For channel 2 the
reflectances are given by

riow = 0.0596C2, — 2.4096

rHieH = 0.1629C2, — 55.2436,

with a transition pixel count of 511.

As shown in Figs. 1 and 2, for all years and both
channels, when N = 0.5%, the reflectances are tightly
clustered. As N becomes large, so that the reflected and
emitted radiances acquire spatial variability, the reflec-
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Fic. 4. NOAA-15 AVHRR reflectances for Antarctica and solar
zenith angles for 17 X 17 arrays of 4-km pixels with spatial unifor-
mity index, N < 0.5% for (a)—«(c) channel 1 and (d)—(f) channel 2.
Low-range instrument reflectances were used for both channels. The
solid lines represent the NOAA-9 calibration references for Antarctica
as given by (2a) and (2b). The NOAA-15 reflectances were obtained
using the prelaunch instrument reflectances given by (6a) and (6¢).

tances become scattered and the mean of thereflectances
for aparticular value of N is depressed below the values
obtained for N = 0.5%. As was noted earlier, for nadir
views and high solar zenith angles, the forward scat-
tering of sunlight by clouds prevents the incident light
from reaching the surface, thereby reducing the nadir
reflectance. The scattered points with N > 0.5% and
reflectances falling beneath the main population of
points for NOAA-12 (Fig. 1) and NOAA-15 (Fig. 2) are
probably due to clouds. In the case of the January 2002
NOAA-15 observations, the points in the branch with
lower reflectances also have large reflectances at 3.7
pm (not shown). These large 3.7-um reflectances are
probably due to small droplets or ice crystalsin clouds.
Cloud-free snow and ice scenes (N = 0.5%) have rel-
atively small reflectances at 3.7 um.

Figures 3 and 4 show NOAA-12 and NOAA-15 re-
flectances for channels 1 and 2 as a function of solar
zenith angle for only those Antarctic subregions that
displayed a high degree of spatial uniformity (N <
0.5%). Superimposed on the observations are the stan-
dard reflectances derived from NOAA-9 observations
(2a and 2b). For NOAA-12 (Fig. 3), reflectances are
poorly calibrated from the start and the departures of
the reflectances from the standard reflectances varies
with year. The poor calibration at launch undoubtedly
resulted from the many years (approximately a decade)
between the compl etion of prelaunch calibration and the
launch of the satellite. For NOAA-15 (Fig. 4), reflec-
tances appear to be well calibrated in channel 1 but there
is a dlight shift in the calibration of the reflectances for
channel 2. Changes of the NOAA-15 AVHRR calibration
coefficients with time are hard to detect in either chan-
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Fic. 5. Same as Fig. 3 but the NOAA-12 reflectances were
obtained using the instrument reflectances given by (7a) and (7b).

nel. Figure 4 shows that the NOAA-15 AVHRR reflec-
tances for December and January fit the standard re-
flectances equally well suggesting that the standard re-
flectances for Antarctica are applicable for both months.

New calibration coefficients were developed for
NOAA-12 and NOAA-15 using the NOAA-9 reflectances
for Antarcticagiven by (2a) and (2b). Based on observed
AVHRR reflectances for January 1994-98, the new
NOAA-12 coefficients are given by

r, = [(37 = 04) X 10¢d + (0.121 = 0.002)]
X (Cio - Cé)
r, = [(32 + 0.5) X 10-¢d + (0.143 + 0.002)]

X (Cf — C3), (7b)
where d = day since launch (14 May 1991: d = 0) and
average values are used for the deep space counts, C}
= 40.3 and C% = 40.0 (Mitchell 1999). The values used
for the deep space counts differ slightly from those in-
ferred from the prelaunch slope and offset given by (5a)
and (5b), C} = 42.7, and C3 = 39.4.

Using AVHRR reflectances for Antarctica for De-
cember 1998, 1999, and 2001 and January 1999, 2000,
and 2002, the derived NOAA-15 coefficients for low-
range reflectances are given by

r, = [(-0.1 = 0.3) X 10-¢d + (0.058 *+ 0.002)]

(78)

X (Ci — C§) (8a)
r, = [(0.8 = 0.4) X 10-°d + (0.065 = 0.002)]
X (C% — C3), (8b)

JOURNAL OF ATMOSPHERIC AND OCEANIC TECHNOLOGY

VoLuME 19
80f 1 80k
0 ¢ 70 \M
60F " 1 60F T
50} 1 50
é’/ (a) DEC 1998, JAN 1999 LOW (d) DEC 1998, JAN 1999 LOW.
D
§ 80F 1 8o}
R N 1700 \‘Hﬂ
2 60} 1 60F
50F 1 s0f
(b) DEC 1999, JAN 2000 LOW, (e) DEC 1999, JAN 2000 LOW
80} 1 80{
70 \ﬁ&\ i 70t T
60F 1 60
50 1 s0f
(c) DEC 2001, JAN 2002 LOW (f).DEC 2001, JAN 2002 LOW

60 70 80 60 70 80
Solar Zenith Angle () Solar Zenith Angle ()

FiG. 6. Same as Fig. 4 but the NOAA-15 reflectances were obtained
using the low-range instrument reflectances given by (8a) and (8b).

where d = day since launch (13 May 1998: d = 0) and
the deep space count for channel 1 is taken to be C} =
38 and that for channel 2, C3, switches between 38 and
39 as given in the level 1b data. These values differ
dlightly from the prelaunch values inferred from (6a)
and (6¢), C} = 38.5 and C% = 40.4. Unfortunately,
owing to the low levels of incident sunlight for Ant-
arctica, no assessment of the calibration could be made
for the high instrument reflectance range. Since instru-
ment gain is changed at count 496 for channel 1 and
511 for channel 2, there appears to be no way of match-
ing the radiometric calibration given by (8a) and (8b)
to the high instrument reflectance ranges unless the cal-
ibrations for the high instrument reflection ranges have
undergone corresponding changes.

Figures 5 and 6 are identical to Figs. 3 and 4, except
that the NOAA-12 reflectances (Fig. 5) are obtained using
(78) and (7b), and the NOAA-15 reflectances are obtained
using (8a) and (8b) for the low-range instrument reflec-
tances. The reflectancesfor N < 0.5% are consistent with
those derived from NOAA-9 AVHRR (the solid linesin
Figs. 5 and 6). For January 1992 and 1993 (Figs. 5a, 5b,
5f, and 5g), the slope of the reflectance as a function of
the solar zenith angle for NOAA-12 is inconsistent with
slope derived from the NOAA-9 observationsfor channels
1 and 2. The inconsistency may be a consequence of the
stratospheric aerosol layer that formed after the June 1991
eruption of Mt. Pinatubo. The results of radiative transfer
calculations suggest that as in the case of clouds when
the solar zenith angle is large, forward scattering by the
aerosol prevents a sufficient amount of radiation from
reaching the surface and being reflected in the nadir di-
rection. The reduction in scene reflectance due to the
presence of the aerosol becomes larger as the solar zenith
angle increases. This behavior is consistent with the
dopes of the reflectance as a function of solar zenith
angle for the observations being larger in 1992 and 1993
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than the slopes given by the standard reflectancesasgiven
by the solid linesin the figure. The reflectancesbeginning
with January 1994 appear to be consistent with the
NOAA-9 standard. Although the resultsin Fig. 5 suggest
that the stratospheric aerosol has little effect on the mag-
nitude of the observed mean reflectance, radiativetransfer
calculations suggest that the reflectances with the strato-
spheric aerosol should reduce the scene reflectance as
was reported for channel 1 of the NOAA-11 AVHRR
(Masonisand Warren 2001). Asaresult, the January 1992
and 1993 NOAA-12 observations were not used to derive
(7a) and (7b), thereby minimizing any possible influence
from the Mt. Pinatubo eruption.

Figures 7 and 8 show the change in the count-to-
reflectance slope with time for channel-1 and -2 reflec-
tances, superimposed on the slopes given in (7a) and
(7b) (solid lines) for NOAA-12 (Fig. 7) and in (8a) and
(8b) for NOAA-15 low-range reflectance observations
(Fig. 8). Each point in the figure represents the mean
of the slopes calculated on a particular day, either for
Antarctica (January 1992-98 and December 1998 for
NOAA-12 and December 1998, 1999, and 2001 and Jan-
uary 1999, 2000, and 2002 for NOAA-15) or for Green-
land (May and June for channel 1 and June for channel
2 for 1993, 1995, and 1997 NOAA-12 observations and
for 1999—2001 NOAA-15 observations). The consider-
able spread in the values and the significant departures
for most of the June channel-2 slopes from the predicted
values illustrates the caution voiced by Masonis and
Warren (2001) that owing to the dependence of the near-
infrared reflectance on surface grain size, snow surfaces
may not be suitable for calibration targets.

The NOAA-12 observations of Antarcticafit the count
to reflectance slope, «; in (1), as given in (7a) and (7b)
with an rms uncertainty of 2% for channel 1 and 1% for
channel 2. The absolute accuracy of the calibration is
~5%, the accuracy given by Loeb (1997) for the standard
reflectances. The channel-1 and channel-2 slopes for Jan-
uary 1995 and 1996 agree with the values given by Loeb
(1997) for December 1994 and 1995 within the 5% ab-
solute uncertainty ascribed to the coefficients. According
to Loeb (1997), from December 1994 to December 1995,
the slopes changed by approximately 2% in both chan-
nels, compared with 1% for channel 1 and 0.8% for
channel 2 in the current study. The annual rate of change
in the slope for channel 1 given by Brest et al. (1997)
is much higher, 5%. Such a high rate of change in the
slopeisnot supported by the observations presented here.
In addition, Brest et al. (1997) use 0.908 as the ratio
between the calibrated NOAA-9 AVHRR channel-1 re-
flectances and the NOAA-12 AVHRR reflectances at
launch. Here from (5a) and (7a) the ratio is 0.104/(0.121
+ 0.002) = 0.86 £ 0.02. While this differenceisbridged
by the uncertainties, 5% as given here and 10% as given
by Brest et al. (1997) for the absolute calibration, owing
to the large difference in the time-rate of change, dif-
ferences in the channel-1 calibration grow with time so
that by the end of the record in December 1998, the
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predicted channel-1 reflectances will depart by more than
30%.

Interestingly, the channel-1 slope for June of 1992
falls well below the values given by (6a), and the chan-
nel-1 slope for June 1993 also is somewhat below the
expected value. There appears to be no corresponding
drop in the slopes estimated for channel 2. The drop in
the slope for channel 1 indicates that the reflectance for
the Greenland ice sheet was unusually large for June
1992 and somewhat so for 1993 while it remained rel-
atively constant in other years. Based on the results of
radiative transfer calculations a large reflectance in
channel 1 with no discernible change in channel 2 is
not likely to be due to an aerosol layer. The behavior
would be consistent with low values of stratospheric
ozone for June 1992, but the reduction required to
achieve the ~6% reduction in slope is ~50% of the
column ozone. Conseguently, no explanation other than
measurement uncertainty can be offered for the low val-
ues of the channel-1 slopes deduced from observations
of the Greenland ice sheet in June of 1992 and 1993.
While the 1992 and 1993 observations for Antarctica
were not used to develop (7a) and (7b), the departure
of the channel slopesfrom the predicted valuesfor those
yearsis small, indicating that the Mt. Pinatubo eruption
had little effect on the radiometric stability of the Ant-
arctic ice sheet.

For NOAA-15, the observations of Antarctica fit the
count to reflectance slope given by (8a) and (8b) with
an rms uncertainty of 3% for both channels. Again,
owing to the uncertainty in the reflectance standard, the
absolute accuracy is ~5%. For channel 1, the slope
differslittle from the prelaunch value given in (6a). For
channel 2, the departure of the slope from the prelaunch
value in (6¢) is small but appears to be significant. As
(8a) and (8b) indicate, and as is illustrated in Fig. 8,
there appears to be no significant change in the slopes
with time.

4. Summary and conclusions

Analyses of cloud-free NOAA-12 and NOAA-15 chan-
nel-1 and -2 reflectances for the interior ice sheets of
Antarctica and Greenland were conducted in order to
evaluate the accuracy of the prelaunch calibration co-
efficients. Based on NOAA-12 data from January 1994—
98 and December 1998 for Antarctica, the prelaunch
coefficients (5a) and (5b) for deriving reflectances for
the NOAA-12 AVHRR visible and near-IR bands are in
error. Consequently, revised calibration coefficients
were developed (7a and 7b). The revised coefficients
yield NOAA-12 AVHRR reflectances that are stable for
the 7-yr period. Based on NOAA-15 AVHRR data from
December 1998, 1999, and 2001 and January 1999,
2000, and 2002 for Antarctica, low-range reflectance
observations were well calibrated in channel 1 but not
in channel 2, using prelaunch coefficients (6a) and (6¢).
A revised set of calibration coefficients was devel oped
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for the NOAA-15 AVHRR (8a and 8b). In addition, the
calibration of the NOAA-15 AVHRR was shown to be
stable for the 3 yr examined here.
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