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1.   INTRODUCTION
This paper summarizes progress of a study under-

way to generate a 20-year data set of surface down-
welling longwave flux (DLF) retrievals from satellite data
over the Arctic Ocean. We will produce daily fields
between late 1979 and late 1998 on a grid with a spatial
resolution of 100 km x 100 km2 north of 60°N. Surface
measurements from the field station at Barrow, AK --
part of the Atmospheric Radiation Measurement (ARM)
Program -- and from the Surface Heat Budget of the Arc-
tic (SHEBA) are being used to validate the satel-
lite-derived fluxes and to develop algorithm
improvements in conditions that result in systematic
errors.

During five months of the year when there is little or
no solar radiation in the central Arctic basin, the surface
energy budget is dominated by the net longwave flux.
Recent model sensitivity studies, e.g., Fischer and
Lemke [1994], Ebert and Curry [1993], Thorndike [1992],
and Makshtas and Timachev [1990], show that
annual-average ice thickness is more sensitive to pertur-
bations in longwave fluxes than shortwave fluxes. Mea-
surements of longwave fluxes over sea ice, however, are
sparse and limited to points in space or to short periods
in time. Existing satellite-derived estimates have large
uncertainties owing to the failure of cloud detection algo-
rithms to distinguish between clear and cloud-covered
skies in conditions with near-surface temperature inver-
sions and surface-based ice clouds, both of which occur
frequently in the Arctic. Monthly mean fields have been
derived from available data [e.g., Vowinkel and Orvig,
1966, 1967; Khrol, 1992; Chernigovskiy, 1964], but to
date little is known of the spatial variability on meso- or
synoptic scales. Schweiger and Key [1994] computed
surface radiation fluxes in the Arctic from International
Satellite Cloud Climatology Project (ISCCP) cloud data,
but the accuracy of these fluxes in polar regions is ques-
tionable owing to significant disagreements between
ISCCP cloud retrievals and surface-based climatologies.
Figure 1 illustrates the discrepancies among various cli-
matologies of DLF for the central Arctic over the annual
cycle.

If we are to improve our understanding of air-sea-ice
interaction processes and sea ice evolution, with the ulti-
mate goal of providing more realistic parameterizations
for GCMs, estimates of the surface energy balance are
required on shorter time- and space scales and with
more comprehensive areal coverage. In polar environ-
ments the most important factors determining surface
downwelling longwave fluxes are cloud fraction, cloud

thickness (or LWP/IWP), and cloud-base temperature
[Chiacchio et al, 2001]. The key to obtaining improved
fields of this flux, therefore, is to acquire more accurate
information about the clouds.

2. METHOD
We have developed a new technique to estimate the

DLF from a combination of satellite sounder retrievals
and brightness temperatures from the TIROS Opera-
tional Vertical Sounder (TOVS), which has flown on
NOAA polar-orbiting satellites continuously since late
1979. The fundamental concepts behind the methodol-
ogy being used in this project have already been pub-
lished [Francis, 1997]. We are performing further
validation of the method using data from the Barrow, AK,
ARM site and the SHEBA field experiment, which was
conducted in the Beaufort Sea from October 1997 to
October 1998.

The DLF is computed from atmospheric temperature
and moisture profiles, cloud fractions, and surface tem-
peratures from TOVS. With funding from the NOAA/
NASA Pathfinder Project, we generated a 20-year TOVS
Polar Pathfinder Data Set (Path-P) for the Arctic north of
60°N. The radiances were processed with a version of
the Improved Initialization Inversion (“3I”) algorithm [Ché-
din et al, 1985; Scott et al, 1999] that has been modified
to enhance accuracy over snow- and ice-covered sur-
faces [Francis, 1994].

The TOVS retrievals have been extensively validated
with data from field experiments (SHEBA, CEAREX,
LeadEx) and Russian NP station data [Schweiger et al,

Figure 1: Comparison of DLF climatologies for the central
Arctic.



2002]. Accurate retrievals of cloud fraction and cloud
base height are required for realistic estimates of DLF.
This is not an easy task, however, owing to inherent dif-
ferences between satellite and surface-based cloud
observations (top-down versus bottom up view), point
versus area-average values, and effects of varying cloud
emissivity. As well as one can discern, the TOVS cloud
retrievals appear to represent best estimates of cloud
amount as reported by Ebert and Curry [1993] (pink line
with asterisks in Fig. 2). This plot shows a comparison of
TOVS (gridded Path-P) cloud fractions to a variety of
other sources of cloud information.

In addition to temperature profiles, mean-layer mois-
ture amounts, and cloud amount, we also use combina-
tions of brightness temperatures from the
High-Resolution Infrared Radiation Sounder (HIRS)
which is one of the three sensors that composes TOVS.
We use these to identify cloud phase, estimate cloud
base height, and identify clouds below the near-surface
temperature inversion. The primary innovation in the
DLF approach is the use of sounding channels with dif-
fering sensitivity to cloud particles and heights of their
weighting function peaks to estimate cloud thickness. In
clear-sky conditions, two channels with peaks approxi-
mately 100 mb apart will exhibit the largest brightness
temperature difference owing to the lapse rate of the
atmosphere. If cloud particles are present, the difference
between the channels decreases. The brightness tem-
perature of the lower-peaking channel will decrease
more than the upper one because more of its sensitivity
function is affected by the cloud. As cloud particles
increase, the difference between the channels also
decreases. This range of differences is empirically
related to a geometric cloud thickness extending below
the TOVS-retrieved cloud top. Two pairs of channels, one
for lower and one for higher clouds, are used for cloud
thickness estimates. Of course, once the cloud becomes
optically thick, the channel difference becomes constant
and a maximum thickness is assumed. This is undoubt-
edly a crude estimate of cloud thickness, but existing
algorithms routinely assume that cloud thickness is con-

stant -- typically 50 hPa. The 50-hPa assumption has
been shown to be unsuitable for Arctic conditions and
large errors in DLF result [Chiacchio et al, 2001].

The original DLF method ingested the satellite infor-
mation into a forward radiative transfer model called
Streamer [Key and Schweiger, 1998]. Soon after
embarking on this project, however, it became clear that
to process 20 years of level-2 (orbital swath) satellite
retrievals, a tremendous amount of computer resources
would be required. Consequently, we have adapted the
DLF algorithm to a neural network version of a forward
radiative transfer model called FluxNet [Key and Sch-
weiger, 1998]. The neural network method increases the
computing speed by a factor of 10 with no perceptible
decrease in accuracy.

3. PRELIMINARY RESULTS
Figure 3 shows a comparison of TOVS-derived long-

wave fluxes to those measured at the SHEBA camp from
January through October 1998. Correlation between the
two time series is 0.86 with a bias of 3.2 Wm-2. We rec-
ognize that perfect agreement is impossible, as satellite
retrievals integrate conditions over a (100-km)2 area,
while SHEBA measurements are made at a point in time
and space. This incompatibility should result in the
extremes being damped by the satellite retrievals, which
is exactly what we see in these comparisons. Compari-
sons of daily covariability in DLF and surface tempera-
tures from SHEBA measurements and TOVS-derived
quantities by Chen et al. (this conference) suggest that
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Figure 2: Comparison of cloud fraction climatologies over
the annual cycle from a variety of surface-based, reanaly-
sis, and satellite-retrieved data sets. The TOVS product is
indicated as Path-P (purple line marked with triangles).
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Figure 3: Comparison of TOVS-derived downwelling long-
wave flux to DLF measured at SHEBA. Top panel shows
monthly means over annual cycle, middle is time series of
individual comparisons with superimposed 5-day running
mean, and bottom is scatterplot of collocated daily values.



the relationship between these two variables is not as
intimate as it should be. This is likely due to the large
area represented by each TOVS retrieval (100 x 100
km2), which would include a variety of ice thicknesses,
leads, and cloud types around the SHEBA site. The
SHEBA values, in contrast, are at a single point over
thick pack ice.

Our preliminary comparisons to measurements at
the ARM site in Barrow, AK, appear somewhat less
encouraging, but the differences may occur for good rea-
sons. Figure 4 illustrates a comparison of daily-mean
surface-measured DLF with TOVS-derived values for all
of 1999. All TOVS retrievals within a 24-hour period cen-
tered on 12 UTC and within 100 km of the ARM site are
averaged and compared with ARM measurements that
are also averaged over 24 hours. Gaps in the TOVS
retrievals occur on days with heavy overcast, which
occurs more frequently in summer.

As with the SHEBA comparison, we see that the
TOVS-derived values exhibit a smaller range than the
measurements. Unlike at SHEBA, the TOVS DLFs are
consistently too low in summer, contributing to a nega-
tive bias of about −11 W m-2. This is also not unex-
pected, as the 100-km radius of accepted TOVS
retrievals that enter into the averaging calculation include
values over the ocean and sea ice, which will generally

have lower DLFs than snow-free, land at Barrow where
the measurements are made. Surface air temperatures
in Barrow are about 5 to 10°C in summer, while over the
ocean and sea ice they would hover near the freezing
point of water. Higher air temperatures over land would
lead to larger DLF measurements.

Finally we present an example of our anticipated
product: Arctic-wide fields of DLF. Here we show the
monthly averaged DLF for March 1999.

4.   FUTURE WORK
Validation efforts will continue in hopes of reducing

errors in retrieved fluxes during conditions when discrep-
ancies with surface observations are large. We will use
surface-based lidar and radar retrievals from SHEBA
and the ARM site to identify cloud conditions in ambigu-
ous cases. The full 20 years of TOVS data will be pro-
cessed to produce daily, Arctic-wide fields of DLF for
driving sea ice models, validating climate model prod-
ucts, and analyzing apparent changes in related climate
variables. We hope to archive the data at NSIDC for easy
access by the entire scientific community.
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Figure 5: Mean DLF for March 1999 derived from TOVS
retrievals and brightness temperatures.
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