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Impact of Variable Atmospheric Water Vapor Content
on AVHRR Data Corrections over Land

J. Cihlar, I. Tcherednichenko, R. Latifovic, Z. Li, and J. Chen

Abstract—This paper explores the impact of the integrated satellites offer minimal information upon which the estimation
water vapor content (IWV) in the atmospheric column on the of optical depth over land could be effectively based. In this re-
corrections of optical satellite data over land. First, simulation spect, launch of MODIS will provide a major improvement [12]
runs were used to quantify the trends in red and near infrared L . . . . !
parts of the electromagnetic spectrum. Second, advanced very but it will not be z_;tpphcable to previous optical satellite data. The
high resolution radiometer (AVHRR) measurements obtained  €ffect of ozone is weaker compared to that of water vapor, and
over Canada during the 1996 growing season, together with there are alternative sources for its characterization [6], [15].
feana||y_zed |WVf00ment dalt\(/av’vwerle emp_:_c;]yedd to determine the Previous studies concerned with the effect of integrated water
actual impact of constant values. Third, various options 450y content (IWV) have employed actual radiosonde mea-
in characterizing IWV for atmospheric corrections of AVHRR . : .
composites were examined. It was found that 1) as eXloected7surements [8] or satellite data in sp_eC|f|C c]rcumstgn_ces [17].
IWV affects near-infrared radiation substantially more than Unfortunately, such data are not available with a sufficient den-
red, although the latter is also altered; 2) that additional, subtle sity to be of value for operational corrections of most existing
interactions take place between IWV, radiance levels, and viewing satellite measurements over land. On the other hand, IWV is an

geometry that influence the retrieved surface reflectance; 3) that it of numerical atmospheric models and this product could
spatial and temporal variation in IWV caused changes in the
be used for such purpose.

normalized difference vegetation index up to 7.5% in relative i . . .
terms during the peak green period; and 4) that IWV varies In this paper, we are concerned with the impact of using con-
so substantially that pixel- and date-specific values need to be stant IWV values in the processing of data from the advanced

used for the atmospheric correction of AVHRR data. At present, very high resolution radiometer (AVHRR) for biospheric studies
subdaily gridded WV data sets from atmospheric data reanalysis ot northern latitudes. In the past, the climatological value for
projects are the only candidate source for such purpose. . .
summer, mid-latitude atmosphere (2.3 gf¢was used to cor-

rect data for the Canadian landmass [2]. However, since the
domain of interest spans the range of latitudes fraM5° to

N REMOTE sensing applications concerned with land sugbove 80 N, and the period of interest from April to October,

face characteristics and processes, atmospheric interfereadeid-latitude, mid-summer value, may not be adequate. The
is a serious limitation, particularly for sensors operating in th&nalysis consists of three parts. First, we evaluate the effect of
optical part of the electromagnetic spectrum. The scattering avatiable IWV on individual AVHRR channels, as well as on the
absorption of solar radiation distorts the information embeddedrmalized difference vegetation index (NDVI) as an example
in the signal after its energy interacted with the target. For maa§a transformation that diminishes various sources of noise [1].
application purposes, the fundamentals of the atmospheric @econd, we examine the effect of fixed IWV value on the cor-
tenuation process are well understood and have been embedeéetion of actual AVHRR data over the Canadian landmass in
in radiative transfer models as well as in various computer coddifferent parts of the growing season. Third, we test various al-
[10]. The problem is in knowing the state of the atmosphere sti¢rnatives for specifying IWV distribution by taking into con-
ficiently well to be able to specify the atmospheric parametesgderation both spatial and temporal fluctuations.
upon which an accurate computation of atmospheric attenuation
depends. Most important among these are aerosol optical depth, [I. DATA AND METHODS
water.content in the atmospheric column, and ozone. Becausg, gssess the impact of varying IWV on the corrections of
of an inadequate knowledge of thesg varlgbles, constan't values RR channels 1 (C1, 0.57-0.7am) and 2 (C2, 0.71-0.98
are often used [4] or the correction is omltteq [7]. Of primary, ) we carried out simulations usings6[18] in the re-
importance are water content and aerosols in the atmosphgitse mode. This algorithm permits calculation of spectral

column, which have a strong impact on the radiation reflectegeciance at the surface level for a given combination of
from the surface because of their variability and, in the caﬁ:;p_ of-the-atmosphere (TOA) radiance, view zenith angle
of water vapor, thg position of vyater absorptlon bands. Wh't?/ZA), solar zenith angle (SZA), relative azimuth angle (RA),
aerosol concentrations are very important, previous and curr@h; and aerosol optical depth. Calculations were made for
all combinations of: two SZAs (40 55°), five VZAs (0°,
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0.05 (continental type), and Lambertian surface reflectanadere
distribution function was assumed. NP number of clear-sky pixels identified using the CE-
The AVHRR radiance data employed in this study were CANT algorithm (Cihlar, 1996);

NOAA-14 (afternoon pass), ten-day composite images for threei
periods in 1996: May 1-10, July 21-31, and October 21-31.j
The GEOCOMP system [18] was used to process the AVHRRE

= pixel;
= AVHRR channel or NDVI,
= period (month);

data. The daily data over Canada were geometrically correctedyz =~ = IWV value used.

registered to Lambert Conformal Conic (LCC) Projection; To examine the effectiveness of various IWV formulations,
standard parallels 49and 77 N, reference meridian 95 we prepared several IWV composites from the NCAR data set.
W), resampled at 1 km pixel size, and composited into ten dhey were designed to help determine whether a seasonally
eleven-day, nominally cloud-free images using the maximuwariable, but interannually constant, data set could be employed.
NDVI value as the selection criterion. GEOCOMP producebhis would be helpful from the practical perspective since the
composites of five AVHRR channels, three angle channgisocessing would be considerably easier. The composites were

(VZA, SZA, RA), NDVI, and date of imaging. Cihlaet al.[2],

prepared using the following formula:

[3] provide more detail on the processing methodology. For the

subsequent processing discussed in this paper, the composites

were subsampled by selecting every sixth line and sixth pixel,
thus obtaining an image with 246 521 land pixels.
Based on the above input AVHRR image data, atmospheric:
corrections were computed using the SMAC algorithm [16]. We &
assumed that for the range of parameters employed, the differy
ence between the®sand SMAC was negligible [16]. Two com- F
putations were made for each of AVHRR channels 1 and 2, both
using 0.35 cm-atm for ozone and 0.05 for atmospheric optical
depth at 550 nm. In the first computation, a constasty =
2.3 g/cn? was used. In the second case, IWV varied with the
pixel and the acquisition date. Pixel-specific IWV values were
obtained for this purpose from the NCEP/NCAR global reanal-
ysis data set [9]. Based on a dynamic atmospheric models, this
data set provides estimates of several parameters four times per
day, at a spatial resolution of x 1° in geographic coordinates
(platte carree) for the period 1987 to 1996. For our study, we
used the value for 1800 GMT after ascertaining that the IWV
difference compared to the 1200 GMT time period was small.
The original data were reprojected into the LCC, interpolated to
AVHRR composite pixels using bilinear interpolation, and used
to prepare several data layers as described below. The intent was
to investigate the effectiveness of various composite IWV data
sets, differing by the ease of implementation, as a substitute for
the fixed IWV value in atmospheric corrections of AVHRR data.
After computing the C1, C2, and NDVI values with the two
IWV (IWV onse = 2.3 glcn® and pixel- and date-specific,

where

PW (i, k) = F(PW(i, k, )) )
= pixel (clear sky only);

= period;

= year;

represents the following selection functions:

Fryin 104 = Minimum IWV for (¢, &, 1996);
Faug10a = average IWV for(i, k, 1996);
Finin 104 = Minimum IWV for (i, &, y),
y € (1987, 1996);
Finin 8y =minimum IWV for (4, k&, ),
y € (1987, 1996)
after eliminating the highest and
the lowest IWV value;
Fyuq104 = average IWV for(s, k, y),
y € (1987, 1996);
F,.4sy =average IWV for(s, k, y),
y € (1987, 1996)
after eliminating the highest and
the lowest IWV value.

termed “IWV,..,..” hereinafter), the overall mean (AV), average Three composite periods were thus considered: the adjacent
difference (AVD) and relative change (RC, in percent) wergn days, ten years, and ten years after eliminating two extreme

calculated as follows:

outliers. It was expected that the first (second) composites

would have the best (worst) correspondence to the )MV

AV(j, k, m) data set. The minimum functions were used assuming that
NP clear-sky pixels would likely have lower IWV. The two groups
- 1 Z C(i, j, k, PW,,) 1) [IWV ... and IWV(i, k)] were then compared using regression
Np &7 ’ analysis (Section I1I-C).
AVD, K, D ll. RESULTS
NP .

- NP Z(C(Z’ I k’ Bt”ue)_c(l? e k7 PWconst)) (2)
=1

RC(J, k)
— 100(AV(], ka PWtr'u,e - AV(], If, PWconst))
- AV(J7 k? PWconst)

A. Effect of IWV on C1, C2, and NDVI Corrections

Fig. 1 shows the effect of IWV on individual AVHRR
channels and the NDVI. From the set of 1600 simulation runs,
only some combinations were chosen for Fig. 1 to illustrate the
®) trends. These values encompass the reflectance range of most
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o4 € surface term. The nonlinearity of the water vapor effect was higher at

SZA = 55° compared to 45 The coefficient for the quadratic
term also increased by a factor of 1.5 to 3 as the VZA changed
from 0 to 45. Among all the combinations in Fig. 1(a), the
linear term varied by a factor of four (from 0.002 at [SZA

X CIE545:40) 40°, VZA = 45°, TOA = 40] to 0.008 for [55, 45°, 10C°]),

 C1(40,0,40)

# C1(40,45,40)

@
o

5 C1(55,0,40)

Reflectance (unitless)
o
o

* C1(40,0,100) and the ratio of the quadratic to the linear terms ranged from
* C1(40.45,100) 0.057 (40, 0°, 10C°) to 0.111 (55, 0°, 40°).
01 +C1(55,0.100) In channel 2, the IWV dependence was more pronounced, es-

- C1(55,45,100) pecially at higher radiance levels [Fig. 1(b)]. The nonlinearity in
the IWV effect was relatively stable among the different com-
binations, the ratio of the quadratic to the linear term equal to

0 0.5 1 15 2 25 3

Integrated water vapour content (gfem’) 0.154+ 0.003. On the other hand, the linear term increased at
@) higher radiance levels by a factor of 4.7 to 6.9. For a given SZA
and fixed TOA radiance, the change in VZA had a limited effect
o8 ©2 surface at high radiance levels but an appreciable one on low C2 values
[Fig. 1(b)]. Thus, C2 values were relatively more sensitive to
07 a0 IWV amounts at high radiance levels, and to the SZA and VZA
o6 " (204520 at low radiance levels.
25 * 263020 Since NDVI is calculated as the difference over the sum be-
% /r * C2(334520) tween C2 and C1, the above trends affect its behavior as well.
04 X C2(40,0,100) Overall, NDVI computed from surface reflectance was much
%03 * C2(40.45,100) more sensitive to IWV at low IWV values [Fig. 1(c)]. In the
= +C2(55,0,100) IWV range(0, 3.0), NDVIincreased more atlow NDVIs¢0.1)
02 - C2(55,45,100) compared to high NDVI40.03), and also appeared more non-

linear at low NDVI values. However, comparing average regres-
sion coefficients between the low and high NDVIs in Fig. 1(c),

the changes within both linear and nonlinear terms were similar,
afactor of approximately 2.9. The apparent nonlinearity is thus a

@

=3

0 05 1 1.5 2 2.5 3

Integrated water vapour content (gcmz)

®) consequence of the NDVI definition, the sensitivity being higher
when the difference C2-C1 nears zero. The impact of VZA in-
0o NDVI surface crease from 0 to 45was similar in absolute terms-Q.1) but
+ NDVI(40,0,4 again, relatively more significant at low NDVI values. The same
— 020) is true for SZA dependence, although the absolute change was
i ———— x " s *> 1 only 0.02-0.03 as SZA increased from°4@ 55 [Fig. 1(c)].
' NDVI(55,0,4 Thus, while in absolute magnitude, the nonlinear dependence
7 05 0.20) on IWV is most evident at high C2 values [Fig. 1(b)], the nor-
% 8 5‘3;%55’45‘ malizing effect of NDVI shifts the sensitivity to low C2, partic-
g o x gj?gé(;to,o,‘t ularly f(_)r terrestrial targets where C2 radiances are higher than
=" . t\;DVI(4045 for C1 in most cases.
40,100) The rate of change in individual values is further character-
0.1 Wi - ga?(\)/é()ss,u‘t ized in Fig. 2, which shows the slopes of the curves in Fig. 1
= . : v ' as a function of IWV. Overall, the trend is the same for both
o] : 2 25 C1 and C2. With increasing IWYV, the sensitivity to IWV di-
Integrated water vapour content (g/cm’) minished in an approximately linear manner. The sensitivity
(c) was much greater at higher radiance levels, higher SZAs and

higher VZAs. In both C1 and C2, SZA dependence was stronger

Fig. 1. Effect of IWV on surface values for various combinations solar zenitlthan that for VZA. However, there was a major difference be-
angle (first number in the legend in degrees), view zenith angle (second num !

er X o i
in degrees), and AVHRR top-of-the-atmosphere radiance (third number,?w‘een the_ two channels, with C2 sensitivity almost ten times
Wm~—2sr-1). (a) AVHRR channel 1, (b) channel 2, and (c) NDVI. higher [Fig. 2(b) versus (a)]. Furthermore, the C2 slope was

much steeper, reaching zero at IW/ 3.2 g/cn?, while that
terrestrial targets. A second degree polynomial curve was fitthdt C1 remained positive throughout. The relative importance
to each data set. For AVHRR channel 1 [Fig. 1(a)] and givesf VZA was greater for C1 than for C2, as evident at higher ra-
a fixed TOA radiance, the surface reflectance increased rath@nce levels. C1 slopes also exhibited an interaction between
slowly with increasing IWV. The increase was only weakl{5ZA and VZA dependence, evident by the cross-over point at
nonlinear, and the coefficient for the quadratic term was abdugher IWV values with increasing SZA (e.g., compare the SZA
an order of magnitude lower than that associated with the linear4d0°/ VZA = 0 or 45 with SZA = 55°).
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C1 reflectance change vs. IWV 0.6
0.0t
B — 0.5
* C1(40,0,40)
0.008 °

° u C1(40,45,40) 04
~ ° o A C1(55,0,40) 3
e . =
E: 0.008 ¢ . . ° X C1(55,45.40) :103
% o, . . ° X C1(40,0,100) g
2 0004 ¥ ° * C1(55,0,100) < 02 E’CI(IWYV““S‘)

+ . B CI(IWVirue)
‘ x X * x + C1(40,45,100) £1C2(1W Veonst)
X
0.002 v : 3‘ ; ¥ © C1(55,45,100) o1 E%x:&“\’fzmt)
[} EANDVI(IW Virue)
0 i " i 0
0 05 1 1.5 2 25 3 1 2 3
Integrated water vapour content (ycmz) Period
(@) Fig. 3. Average of pixel-by-pixel difference (clear-sky land pixels for Canada)
between AVHRR-derived gquantities with two integrated water vapor content
C2 reflectance change vs. IWV values for channel 1, channel 2, and NDVI. Periods 1, 2, and 3 represent May
0.1 1-10, July 21-31, and October 1-10 in 1996, respectively.
0.09
o C2(40,0,20)
0.08 . . .
wor L ° " C2(40,45,20) NDVI magnitude. At very high IWV, NDVI slope was negative
S voe . . ‘ 22(22522 for all the combinations, indicating decreasing NDVI. However,
X £ >
£ 00s .. : . szmmi as shown below, such values are rarely encountered over land
) ¥ = .0, . . .
E ks . . C2(55.0.100) at northern latitudes. Fig. 2(c) also clearly shows that for high
N ¥ . : + a0y NDVI values, the differences in sensitivity to various combina-
0.03 * . e
. - assasio0) - tions of SZA, VZA, and IWV are greatly diminished compared
N : to low NDVI.
L | g . . .
oo Y H i . F In summary, the above simulations show that in most cases,
0 . o . o é s \ IWV has greater effect on C2 than on C1 in absolute as well
Integrated water vapour content (genr) as relative terms. S_|gn|f|ca_m _ dlﬁerenc_es exist b_etw_een the
) two channels in their sensitivity to various combinations of
IWV/SZAIVZA in the nonlinearity of the IWV relationship
NDVI surface change vs. IWV for various radiance/SZA/NVZA combinations, at low NDVI
2 ¢ NDVI(40.0.40,20) values, and at low IWV values. The sensitivity of C1 and C2 is
= NDVI(40,45.40,20) qualitatively similar but shows large differences in magnitude
0.08 ¥ .. .

. 4 NDVI(55,040.20) between the channels and also more subtle variations in the
006t ¥ X NDVI(55,45,40,20) VZAISZA/IWYV interactions. Because of the normalizing effect
> . . T . . . .

g ¢ ,F XNDVI0.0.40,100 of NDVI and the typical C1/C2 combinations for terrestrial

é 0.04 . . o targets, NDVI is most sensitive to IWV at low IWV and low

E 4y . *NDVIH04340199 | NDVI values, with VZA and SZA having smaller effect in that
?ont—~3%—% ¥ ' * NDVE35,0,40,100) order. The above results also show the consequence of choosing

d ¥ § o NDVI(5545,40,100) a fixed IWV = 2.5 g/cn? for atmospheric corrections. If the

0 T . T T .4 - . . .

s ; s ; )5 true IWV is smaller and given the same TOA radiance to begin

with, both C1 and C2 will be overestimated as will NDVI. The

-0.02

s : degree of overestimation depends on the difference between
egrated water vapour content (g/cm”) . .
© the specified and actual IWVs as well as on the particular
combination of C1, C2, SZA, and VZA.
Fig. 2. Sensitivity of surface values derived from AVHRR data to integrated

water vapor content IWV, for various combinations solar zenith angle (fir
number in the legend, in degrees), view zenith angle (second number,glh Impact of Constant IWV on AVHRR Data

degeres),land AVHRR top-of-the-atmosphere radiance (third number, i”Fig. 3 shows the mean values 6\/06, l) [(1)] for the
Wm-Zsr). (2) AVHRR channel 1, (b) channel 2, and (c) NDVI AVHRR composites obtained for IWY,..: and IWV,,.,.. (the
latter determined for that pixel on the date of acquisition),

The dissimilar C1 and C2 behavior leads to large differencesnsidering clear-sky pixels only. In all cases, the new values
in the sensitivity of NDVI. At low NDVI and low IWV values, were smaller than those with a constant IWV. This reflects the
NDVI changes rapidly with increasing IWV [Fig. 2(c)]. At highfact that the original IWV was too high, thus causing SMAC
NDVIs, the sensitivity to IWV changes is about 1/2 or less db overcorrect. The decrease was smallest in July and largest
that at low NDVI. Note that the curves for low and high NDVIin May. This is to be expected based on Fig. 4, which shows
cross at IWV=2 2.5-3.0 g/cm, indicating that the sensitivity the average precipitable water for all clear-sky pixels for 20
of NDVI to IWV is approximately the same here regardless afidividual ten-day periods in 1996, i.e., AV(IIW¥, IWV ;,....).
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0.5 | I O AVDNDVI(ir-co)
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Period (a)

Fig. 4. Average integrated water vapor content for clear-sky pixels in z 001
ten-day compositing periods in 1996 for Canadian land mask (clear-sky pix
only). The values were derived on the basis of the NCAR data set.

During the growing season, the average IWV increased fra
fairly low values in the spring+0.6 g/cnt), reached maximum
values in the summer~(1.7), and decreased more graduall
(~0.8) in the fall. This trend, and particularly the low sprin
values, were confirmed by detailed measurements duri
BOREAS [11]. The mean values also differed more for C2 thé:
C1 (Fig. 3), as expected from Fig. 1.

The average surface reflectance difference AVD [(2)] we
fairly small for C1:—0.003 in May,—0.001 in July, and-0.002
in October [Fig. 5(a)]. Again, it was much higher for C2, abou
—0.017,—0.005, and-0.014 for the three periods. The AvDfor %
NDVI was also fairly high in May {0.024), followed by Oc-
tober (-0.014). To obtain a “typical maximum?” value for AVD
values, we determined the 10-percentile of the clear-sky pixe 9001
for each channel-period combination for data in Fig. 3. Th
limit was used because most values will be smaller [see (2
Results show [Fig. 5(b)] typical upper overestimates of ND\
(up to 0.034), C2 (0.025), and C1 (0.005) by using W\
during the growing season.

The relative decreases RC after using IV [(3), Fig. 5(c)]
were especially high for C2: 8.4% in May, 6.6% in October, arg

=

AVDCl(tr-co)

7o)
Difference (10-percentile)

OAVDC2(tr-co)

O AVDNDVI(tr-co)

Period

(b)

-2.00 1

-4.00

change RC (%)

Ve

2.4% in July. This was followed by similar decreases in NDVZ
(7.5% in May, 2.8% in October, but only 0.9% in July). The
lower change in NDVI response for October was mostly due

BRC_Cl(tr-co)

TRC_C2(tr-co)

HRC_NDVI(ir-co)

compensating change in C1 [Fig. 5(c)].
The above changes are clearly quite large and are likely 44
lead to substantial overestimates in biophysical variables ba: Period
on C2 or indices such as NDVI, especially outside the peak (©
green (mid-summer) period. The constant IWV is therefore not
appropriate for atmospheric corrections. In the next section, Wg. 5. Effect of different integrated water vapor content values on the

. . . el-by-pixel difference for clear-sky land pixels of Canada, shown for three
explore alternative data sets that mlght be used for this p“rpog fods. Periods 1, 2, and 3 represent the periods May 1-10, July 21-31, and

October 1-10 in 1996. (a) average difference AVD, (b) 10-percentile (the value
was closer to zero for 90% of the pixels), and (c) relative change RC.

C. Which are the Appropriate IWV Data Sets?

In this study, we assumed that the IWV value for a pixel ob-
tained for the same date as the AVHRR radiance measurememtire period during which AVHRR data are to be corrected, now
is the most accurate estimate. However, from a data processingn the future. We therefore explored the option of using “cli-
viewpoint, this is not an advantageous solution since a distimoatic” IWV composites which could be pixel- and compositing
IWV data set must be created for each compositing period. period-specific, but would not vary from one year to another. To
addition, a consistent IWV data series must be available for tttés end, several composites were prepared [(4)] and compared
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(b)

Fig. 7. Slope and intercept of regression lines between integrated water
vapor content IWV in two data sets, pixel selection date-specifi¢)( and

a composite over a longer periogt¢). (a) IWV is an average value for the
period during which the AVHRR pixel was selected. Periods 1, 2, and 3
represent May 1-10, July 21-31, and October 1-10 in 1996, respectively. (b)
Slopes and intercepts for six composite IWV data sets, prepared for different
time periods and compositing criteria. The values represent an average for the
three periods in 1996.

to the IWV,,.,.. composite for each of the three periods. Fig. 6(b)
shows an example of a ten-day average composite J\M¥.,

in comparison with a single-date image [Fig. 6(a)] and the ac-
quisition date-specific composite IW),. [Fig. 6(c)].

If IWV ... and the IW\,,, values were identical, a regres-
sion equation IWV,; (4, k, ) = a*IWV 4,... (¢, k) + b would
havea = 1, b = 0, and a standard error of the estimate (SEE)
equal to zero. The values afandb can thus be used to evaluate
the representativeness of IWY. We found that in all cases,
the composite data sets IWY underestimated the true values
and furthermore, they distorted the relation between the two by
“flattening” the regression. As an example, Fig. 7(a) shows coef-
ficientsa andb for IWV 4.,,4104 for three periods. In the extreme
case (October period), the slope between the two was close to
zero. We also found that the composites representing average
values were much closer than minimum composites, indicating

Fig. 6. Example of integrated water vapor content data for the Canadgaéat clear-sky pixels did not contain significantly less IWV than

landmass. (a) July 25, 1996, (b) average over the period July 21-31, 1 . . . . .
(IWV...,104), and (c) date-specific composite the period July 21-31, 19d8thers. This is evident from Fig. 7(b), which contains average

(IWV e ). a andb values for the three periods. The slope varied between
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TABLE | of the IWV values (Fig. 6). The use of such composites would
EFFECT OFERROR INESTIMATING IWV ... FOR CONIFEROUSFORESTCOVER - jntroduce substantial uncertainties into the estimation of surface
Periodin | Mean 177 | TOA radiance C2 surface reflectance NDVI reflectances and derived indices.
1996 (gend) | (W pmsr) (dimensionless) (dimensionless) The above findings lead to the conclusion that pixel- and date-

€1 | ¢ | -SEE | Mem | +SEE | -SEE | Mem | +SEE  gpecific IWV estimates are necessary for atmospheric correc-
Mayl0 | 05 | 46 | 4 | 00 | 008 | 0% | 03¢ | 0% | 9% {ions of satellite optical measurements at northern latitudes. The
July 21-31 1.68 24 42 0.191 0.195 0.201 0.77 0.77 0.77 . .
R N R B IY/ B By T R B R X T R pnly present source of such de}ta are atmosphe_nc model assim-
ilation runs. This raises other issues. The spatial resolution of
these models is coarse in comparison with satellite pixel sizes,

0.095 and 0.26 and the intercept from 0.49 to 1.1. Thus, the sés the derived pixel-specific values are approximations at best.
sitivity to changing IWV was clearly undervalued by Iw)y The regional averaging effect is also evident in Fig. 7, both
and was compensated for by high intercepts. Note that all mfRI Single dates [Fig. 7(a)] and for longer composite periods.
imum-value composites had low intercepts as well, thus consr€cond, consistent assimilation runs are required for the entire
tently underestimating IW).... period for which satellite data sets are to be corrected. The ac-
Among the IW\,,; composites tested, the standard error GUracy of the model estimates can vary [9], although progress
the estimate (SEE) was about 0.2. However, if these compodftélata assimilation is being made and the quality of such data
were to be used for AVHRR corrections, the relation to be us&§ts Will thus continue to improve. Ultimately, the preferred ap-
would have to be WV, (i, k) = ¢*IWV . (i, k, 4) + d. In proach will be direct measurement using appropriate spectral
this case, the standard error of Y was found to be about channels in new satellite sensors. However, this will not solve
0.4. Such a value would introduce an additional uncertainty int@e Problem with previous data, and since the length of an ob-
the corrected AVHRR value. As an example, Table | shows t|ggrvation period is a critical requirement for terrestrial studies,
impact on channel 2 and NDVI for coniferous forest. The TOME use of ancillary I_WV data sets will remain an important data
radiance data are the mean values for this cover type in gfirection strategy in the future.
three periods, and the atmospheric corrections were made for
the IWV,,.,.. values corresponding to this cover type and pe- ACKNOWLEDGMENT
riod. The effect varies with season, up to 0.04 for NDVI and
SEE= 1.0. Note that this value would double to include 95% qf
the pixels, and it would also increase for cover types and perio
with low NDVIs (Fig. 1). Therefore, the IW)., composites are
not a viable substitute for IWV values obtained for each pixel
acquisition date.
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