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ABSTRACT. A suite of Arctic and Antarctic products is being prepared from
Advanced Very High Resolution Radiometer (AVHRR ) and ancillary data as part of
NASA’s Polar Pathfinder effort. These products consist of twice-daily gridded fields of
clear-sky—surface temperature, surface albedo and cloud fraction, as well as daily ice
velocities, for 1985-96. The products and their production methodology are summarized
here, with examples demonstrating applications of the Pathfinder products for process

studies and modeling,

INTRODUCTION

Analysis of polar climate requires uniform and consistent
datasets for monitoring and modeling. A goal ol the NASA
Pathfinder Program is to use currently available Earth infor-
mation to provide “consistently calibrated global change-
related datasets™ and to test procedures for generating the
consistent data products planned for the Earth Observing
System (EOS) (UCAR, 1994). 1o achieve this goal, several
new Pathfinder efforts have been initiated to address the re-
quirements for integrated and comprehensive datasets for
high-latitude climate studies. Here, we describe one compo-
nent of this new Polar Pathfinder initiative — the Advanced
Very High Resolution Radiometer (AVHRR )-based Polar
Pathfinder (APP) — and discuss applications of these Path-
finder products to polar modeling.

The premises of the Polar Pathfinder program are that:

(1) climate studies can best be served by providing a suite of

consistent and co-located products that encompass several
aspects of the climate system; and (2) these products should
he available for a range of scales suitable to different
research applications. The goal of the APP is to provide a
multi-year series of relatively high-resolution to medium-re-
solution climate-related products that encompasses several
of the key parameters that characterize ice conditions.
These include ice-motion information that documents ice-
dynamical processes over regional to hemispheric scales,
and surface temperature and albedo that help to define the
energy budget of the ice cover. These products can be used
individually or in combination with other datasets to investi-
gate high-latitude regions. The products also encourage the
generation of new and “value-added” datasets from combina-
tions of data types and from data assimilation within models.
An additional objective is to provide these products in forms
compatible with other products from the Polar Pathfinder
Group, such as the TIROS Operational Vertical Sounder
(TOVS) and passive microwave Polar Pathfinders (c.g.
Francis, 1997; Polar Pathfinder Group, 1997).
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PRODUCT SUMMARY

Overview

AVHRR provides appropriate spectral channels, high
radiometric and spatial resolution, and complete polar-
region coverage well suited for climate monitoring and
energy-balance studies (Steffen and others, 1993). The APP
products (Table 1) take advantage of the relatively long
record of imagery gathered by the series of AVHRR sensors
carried on board NOAA platforms since the early 1980s, as
well as other datasets that can be used to optimize the pro-
duct set. APP products are summarized below. Additional
data-set details, schematics of the APP processing strategy
and summaries of products are availahle via the World Wide
Web (http://nside.colorado.edu).

Algorithms from the CASPR (Cloud and Surface Para-
meter Retrieval) tool kit, developed under EOS POLES

Table 1. AVHR R-based Polar Fathfinder products

Product Planned coverage period Cell size

. i .
lee and snow albedo 198397, twice daily Hkm, 25 km

1996 97. twice daily 1.25 km
Lee and snow skin temperature 198397, twice daily 5km, 25 km
1996-97, twice daily 1.25 km
Navigated and calibrated GAC
channels I -5 composites 1985-97, twice daily 5 km
Viewing angles and pixel
acquisition times 1983 97, twice daily Skm
AVHRR ice motions 198397, daily 20 km
1996-97, daily 10 km
Blended ice motions
[AVHRR and buoys) 198387, daily 20 km
Blended ice motions
(AVHRR, buoys. SSM/I) 198797, daily 75 km

*
depending on solar illumination [or albedo.
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(Polar Exchange at the Sea Surface) funding (Key, 1996),
have been adapted to produce a clear-sky surface (skin)
temperature from AVHRR channels 4 and 5 (Key and
Haefliger, 1992), and a broadband albedo from channels 1
and 2 (De Abreu and others, 1994). The albedo and ice-sur-
face (skin) temperature images are assembled into two com-
posites per day, for local times of 0200 and 1600 h GM'T for
the Southern Hemisphere and 0400 and 1400 h GM'I for
the Northern Hemisphere. Coverage areas and examples
of temperature and albedo products are shown in Figures |
and 2. Global Arca Coverage (GAC) data with 4 km resolu-
tion will be used for the planned coverage period of 1983-
96, with nominal 1.1km resolution Local Area Coverage
(LAC) and High Resolution Picture Transmission (HRPT)
for 1996-97. Since AVHRR provides multiple orbit passes
per day in the polar regions, pixels are selected from orbit
swaths based on sampling time and scan angle. The precise

local time for 90% of the cells in each grid is within 1 hour of

the target time and 90% of the cells are acquired with scan
angles <257,

The albedo, ice-surface temperature and cloud masks
are provided for several gridcell sizes to accommodate uses
ranging [rom detailed process studies to climate model val-
idation. Grid sizes are 5 and 25 km for GAC-derived pro-
ducts, with the addition of 1.25 km products from LAC and
HRPT data. Calibrated and geo-located data for the five
AVHRR channels are archived at 5 km cell size. The pro-
ducts are mapped to equal area projections for the Southern
and Northern Hemispheres, compatible with the Equal
Area Special Sensor Microwave Imager (SSM/I) Earth
(EASE) grid used by the National Snow and Ice Data
Center (NSIDC) for SSM/I Polar Pathlinder products
(Armstrong and Brodzik, 1995). Grid coverage (Figs | and
2) extends from the North Pole to 50° N and the South Pole
to 53" 8. To support future algorithm development and
intercomparison, a full suite of radiances and products at
125 km cell size will be retained for a sub-region of the

Fig. . The AVHRR Polar Pathfinder dataset coverage for the
Northern Hemisphere. The data shown are lemperatures de-

rived from AVHRR channels 4 and 5.

https://doi.org/10.3189/50260305500014336 Published online by Cambridge University Press

Muslanik and others: AVHRR Polar Pathfinder products

Fig. 2. Dalasel coverage for the Southern Hemisphere. The
data showen are broadband albedo derived from AVHRR
channels | and 2.

Arctic. Data are stored as scaled 16 bit and 8 bit binary files
in HDF (Hierarchical Data Format), Arctic grid dimen-
sions are 1805 x 1805 pixels at 5 km, or 361 x 361 pixels at
25 km. To test ways of improving case of use for modeling
applications, a 100 km “data cube” consisting of a combina-
tion of co-registered Polar Pathfinder products (AVHRR,
TOVS and SSM/I) is being prepared for 1986-87.

The APP ice-motion products complement existing
drifting buoy data from the International Arctic Buoy Pro-
gram (IABP) and provide an historical record of ice motion
prior to the availability of radar-derived products from the
Canadian  RADARSAT satellite.  Using corresponding
passes [or consecutive days, daily sea-ice displacement vee-
tors are determined through image-to-image correlation
(Emery and others, 1991) and mapped to a 20km grid.
Characteristics of the sea-ice motion products dictate a
different processing strategy and format than is used for
the twice-daily products noted above. For each day, four
scenes are chosen with acquisition times near 0000, 0600,
1200 and 1800 h GMT. These times allow for complete cov-
erage of the polar ice with some overlap, and also compare
as well as possible to the 12 hourly IABP buoy data.

Given the extensive cloudiness of the polar regions, the
requirement that clear-sky conditions exist for consecutive
days is a major limitation of AVHRR for mapping ice
motion. An additional APP ice-motion product is therefore
generated by combining AVHRR-derived ice displace-
ments with other ice-motion information via optimal inter-
polation to create ice-motion fields that are uniform in time
and space. Currently, these “hlended” motion fields include
ice-motion information extracted from AVHRR and drifi-
ing buoys. We will also use ice displacements estimated from
Special Sensor Microwave/Imager (SSM/I) 85 GHz bright-
ness temperatures (Agnew and Le, 1997; Agnew and others,
1997). The blended-motion field thus takes advantage of the
accurate, but sparse, buoy motions, the detailed, but inter-
mittent, AVHRR-derived motions, and the lower-resolu-
tion, but uniform, temporal coverage provided by SSM/I.
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An example is shown in Figure 3. In the Antarctic, where
buoy data are rare, the APP motion fields will consist of a
combination of AVHRR and SSM/I-derived motions such
as those shown in Figure 4. A time series of samples of the
gridded motion products, including SSM/I-derived motion
vectors for 1987-95, Scanning Multichannel Microwave
Radiometer (SMMR)-derived motion for 1978-87 and
temperature and albedo browse (25 km) images, can be ac-
cessed via the WWW at http://polarbear.colorado.edu.

5 e 0 em/sec

Fig. 3. Aretic sea-ice motion as determined through a blend-
ing via interpolation of drifting buoy motions with ice
motion estimated from AVHRR and SSM/I data. Velocity
vectors represent displacements from Julian Day 300-301
(28-29 October ) in 1993, Maximum velocily ( longest arrow )
is approximately 30 cm s '

=10 cm/sec |

Fig. 4. SSM/I-derived sea-ice motions for the Antarctic from
Fulian Day 142-143 (21-22 March) in 1993. The gray
areas have al least 5% sea-ice concentralion as estimated
Srom SSM/I data. Maximum velocity (longest arrow ) is
approximately 40cm s ',
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Cloud detection

A critical element of APP product generation is detection of
cloud cover. Cloud-detection methods used are optimized
for polar conditions, where cloud screening is complicated
by low contrast between clouds and the surface in reflected
and thermal bands, and the lack of solar illumination for
part of the year. The cloud screening currently being
applied uses statistical means and variances of probable
clear-sky areas estimated regionally. The basic cloud-
detection procedure involves a combination of split-window
and single-channel thresholds and temporal-change detec-
tion using estimates of clear-sky—surface temperature and
albedo determined separately as a function of surface type.
SSM/I data are used to partition the surface into open water,
ice, snow-free land and snow-covered land.

Quality control and validation

Quality-control steps include visual checking of the pro-
ducts in combination with automated checking for missing
or poorly calibrated data. An important clement of the
APP products is the planned inclusion of quality-control
information that provides users with a means to assess the
suitability of the data for their particular applications.
Information likely to be provided in a reduced resolution
form, or in ancillary tables, includes the assessment of
cloud-sereening accuracy and, for the blended ice-motion
fields, parameters associated with the interpolation of indi-
vidual motion vectors.

Validation of the products is a continuing process that
takes advantage of comparison data as they become avail-
able. Validation of the AVHRR ice motions to date has con-
sisted primarily of comparisons with drifting buoys and
limited coverages from ERS-1 (Fowler, 1995). More exten-
sive comparisons are planned with RADARSAT data. The
most recent validation of surface-temperature and albedo-
retrieval procedures used surface observations [rom the Na-
tional Oceanic and Atmospheric Administration (NOAA)
site near Barrow, Alaska (71.32°N, 156.61°W). Daily
AVHRR data from a preliminary Pathfinder dataset (Me-
ier and others, 1996) for mid 1992 to mid 1993 were used for
this validation. In these comparisons, surface-temperature
estimates agree well with observations, with a correlation
coeflicient of 0,98, bias of —0.97, and root mean squared error
(RMSE) of 4.70. l'or surface albedo, the bias (mean error)
in the estimates i1s near zero (r=0381 bias=0.00,
RMSE =0.17), but the individual observations exhibit
significant variability. This can be attributed to the inhomo-
geneity of the surface and the sensitivity of the retrieval
scheme to changes in atmospheric aerosol and water-vapor
amounts.

Overall accuracies for the products are difficult to deter-
mine, since conditions vary substantially across the large
product domains and through time. Accuracy also depends
on cloud screening and on the availability of updated and
accurate AVHRR calibration data. In general, accuracies
are approximately =2 K for AVHRR temperatures and
+0.05 for albedo. For clear-sky conditions, the accuracies
for albedo and temperature products are expected to be in
the range noted above for the Barrow test, with temper-
atures accurate to + —0.5°

Accuracy for the ice-motion products is approximately
9¢ms | for AVHRR-derived vectors and 6 cm s ' for SSM/I-
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derived vectors. Accuracies improve when the remotely
sensed motions are interpolated with buoy vectors, which
have an accuracy of about 0.5 cms '

As with ice-motion products, potential improvements in
the temperature and albedo algorithms to improve these ac-
curacies, and to provide more useful datasets, are under in-
vestigation. We anticipate that two versions of the APP
products will be generated: a first version now being pro-
duced us
second version in the future will incorporate algorithm im-

the currently implemented algorithms, and a

])r(‘)\'(‘mcnls.

APPLICATIONS EXAMPLES
Ice model and forecast model validation

Figure 5 shows ice velocities simulated by a dynamic-
thermodynamic model forced by data from the National
Center for Environmental Prediction/National Center for
Atmospheric Research (NCEP/NCAR) reanalysis project
(Kalnay and others, 1996), with the ice velocities corres-
ponding to the NCEP 24 hour mean sea-level pressures
(SLP) in Figure 6. The model uses a viscous-plastic ice
rheology and a 12 hour timestep applied to an 80 km Carte-
sian grid for the Arctic Basin and adjacent seas. The model
domain is initialized with a 2 m thick ice cover. Equilibrium
is reached after a 5 year integration using 1993 daily for-
cings. The model and forcing fields are described in more
detail in Maslanik and Dunn (1997).

Fig. 5. Iee velocities simulaled using a dynamic-thermo-
dynamic ice model with a viscous-plasiic ice rheology and
Jorced by NCEP-derived winds for Julian Day 301 1995,
Velocities represent a 24 hour average. Maximum velocily
(longest arrow) s 25 cm s J

Comparing these data to the Pathfinder ice-motion fields in
Figure 3 reveals generally good agreement between the
Pathfinder data and the NCEP pressure patterns and
simulated ice direction and speed. There are, however, also
some notable differences. In particular, the Pathfinder
motions show regional and local patterns that are not ap-
parent in the NCEP SLP data. Most of the observed differ-
ences are likely to be due to the coarser resolution
(257 x 257) of the NCEP data compared to the higher reso-
lution of the APP motion fields (20 km) or to inaccuracies in
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Fig. 6. Mean NCEP/NCAR reanalysis sea-level pressures
Jor Julian Day 301, 1993, used as geostrophic wind forcing
JSor the ice motions shown in Figure 5, and corresponding lo
the abserved mations in Figure 5.

the forecast model’s pressure field. For example, on Julian
Day 301, a strong counterclockwise ice circulation occurs
north of Svalbard, suggesting that the low pressure cell north
of Finland in the NCEP data may be misplaced or too weak,
or perhaps indicating the presence of a short-lived low that is
not represented in the 24 hour SLP field. Also, since the ice
model does not simulate ocean currents, the modeled ice
velocities in Fram Strait may be underestimated for this
day. The Pathfinder data also show a localized clockwise cir-
culation in Baffin Bay that is not seen in the SLP data. Over-
all, the detailed motion fields from Pathfinder suggest a
more dynamic ice pack than is simulated in the typical
basin-scale model that uses daily forcings. This utility of
basin-scale satellite products in depicting such large-scale
variability is clearly revealed in similar time series of SSM/1
data described by Agnew and Le (1997) and Agnew and
others (1997). Applications, such as relating changes in ice
extent to ice transport vs ice growth or melt, are further
served by combining ice-motion fields with ice concentra-
tions estimated from passive microwave data (see Fig. 4).

The Pathlinder skin temperatures provide another com-
parison with the NCEP output. For Julian Day 502, Pathfin-
der data indicate clear-sky conditions over a portion of the
central Arctic. The AVHRR temperatures in this area aver-
age 235 K. NCEP surface air temperatures range from 230
to 240 K in the same area. Of course, such comparisons are
limited to clear-sky conditions, but they provide useful
samples [or comparisons in regions such as the central
Arctic and Antarctic, where few, il'any, surface observations
are available.

Applications within models

A potential application of the APP data, either alone or in
conjunction with other datasets, is as forcings for models. As
an example, an initial experiment has been conducted to
determine the sensitivity of an ice model to the assimilation
of AVHRR temperatures such as those provided by the
Pathfinder. Presumably, constraining growth-rate calcula-
tions within an ice model by including an observed skin

391
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temperature provides a means of improving the simulation
or of identifying shortcomings in the model physics.

To test such an application, a time series of preliminary
Pathfinder AVHRR temperatures (Meier and others, 1996,
in press) was supplied to a one-dimensional (1-1D) ice model
(Ebert and Curry, 1993). Figure 7 compares the modeled
skin temperatures for a control run (e.g. the model run in
normal mode using climatological air temperatures, wind
speed and fluxes, and without assimilation) with AVHRR
temperatures [or a location at 80° N. For comparison, temp-
eratures calculated from SSM/I brightness temperatures
using emissivities assigned to the SSM/I-estimated frac-
tional coverage ol first-year ice, multi-year ice, and open
water are also given in Figure 7. The data and model all
track the annual cycle of temperatures reasonably well, with
lower AVHRR temperatures in winter but higher AVHRR
temperatures in spring and early summer relative to the
maodel control run.
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Fig. 7. Comparison of AVHRR Polar Pathfinder skin temp-
eratures (+ sign) and temperatures estimated from SSM/I
data ( dashed line) at 80° N with temperatures simulated by
a thermodynamic ice model ( solid line) using climatological

Jorcings.

Assimilation results (not shown) highlight some ex-
pected, as well as some relatively subtle, effects of including
observations. For example, since the model’s control run is
driven by monthly means, the observations provide much
more rapid day-to-day variability in the assimilation runs.
Although the AVHRR temperatures are generally lower
than temperatures simulated by the madel control run, the
AVHRR assimilation yields a thinner ice cover, probably
due to a particular sensitivity of the model to temperatures
preceding and during the melt period. Applying observed
data to the model helps to identify such sensitivities that
might not be considered in standard sensitivity experiments
using perturbed forcings.

In the assimilation technique used, the prognostic vari-
able (skin temperature) is replaced by a weighted combina-
tion of the modeled skin temperature and the remotely
sensed temperature. Other assimilation runs have tested a
range of weightings, as well as separate simulations, using
AVHRR and SSM/I temperatures individually or with
different weightings for the two temperature products. The
SSM/I temperatures have the advantage of being relatively
unallected by cloud cover, but are less accurate than the
AVHRR temperatures. By assigning different weights to
the ohservation types based on expected accuracy, the
assimilation offers a means of blending disparate data types
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into a uniform product that is potentially more valuable
than any of the individual observation sets (or model out-
put) used alone.

CONCLUSION

The AVHRR-based Polar Pathfinder will provide a suite of
products uscful for a variety of modeling and process studies.
Product formats are compatible with other Pathfinder data,
and reduced-resolution products will be availahle that are
particularly well suited for model forcings and validation.
Examples of preliminary datasets suggest that the products
will provide new levels of detail with temporal and spatial
coverage not available from other data sources.
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