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FORWORD

In 1982, NASA established a DMSP-SSM/I Science Working Group (SWG) for the
purpose of preparing a coherent program to acquire the SSM/I microwave radiance data,
to convert the data into useful sea ice parameters, and to archive the data for the scientific
community. The NASA Ocean Data System (NODS) at the Jet Propulsion Laboratory
in Pasadena, California was assigned the task of developing software to process and to
map the geophysical parameters. The National Snow and Ice Data Center (NSIDC) in
Boulder, Colorado will assume the long term responsibilities of processing and archiving
these data. The SSM/I SWG under the chairmanship of Norbert Untersteiner (University
of Washington, Seattle) reviewed the present state of passive microwave remote sensing for
sea ice research and made specific recommendations for the utilization of the SSM/I data.
The findings and recommendations of the SWG appear in a document entitled Passive
Microwave Remote Sensing for Sea Ice Research published for NASA.

In early 1984, Robert H. Thomas, then NASA manager for Polar Programs, called
together members of the polar science community including specialists in passive microwave
remote sensing of sea ice for the purpose of implementing the recommendations made by
the SSM/I SWG. As a result of this meeting,a NASA Sea Ice Algorithm Working Group
(SAWG) was established and charged with the following tasks: first, to evaluate the current
state of passive microwave sea ice algorithms; second, to select an algorithm for initial
processing of the SSM/I data; third to provide guidance to NODS for the implementation
of the selected algorithm; and finally, to develop and execute a plan for validating the
algorithm and for identifying potential algorithm improvements.

In 1986, Kenneth C. Jezek, NASA manager for Polar Programs, established a program
to implement this last task, the validation of the NASA SAWG algorithm. This document
outlines a plan for monitoring the performance of the sensor, validating the derived sea ice
parameters, and providing for the quality assurance of the data products before distribution
by NSIDC to the research community. A NASA validation team for the SAWG algorithm
has been chosen for executing the plan outlined in this document. A parallel program has

been established by the Department of Defense under the leadership of James P. Hollinger
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(Naval Research Laboratory) and will center on the validation of their sea ice algorithms.
Coordination between the two validation efforts as far as possible will help maximize the
use of limited resources. Because of recent advances in the application of passive microwave
remote sensing to snow cover on land, the validation of snow algorithms is also addressed
as an addition to the original objectives in this NASA document.

While this report presents a specific plan to validate the NASA SAWG algorithm, it
does not address the ongoing activities of the SAWG which focus on the examination of
alternate algorithms. A critical review of the data collected during the validation effort will
be undertaken by the SAWG as a necessary condition for assessing alternate algorithms.
It is anticipated that separate documents on algorithm modification or replacement will

be issued approximately one year after launch of the SSM/I.




1.0 Introduction

A key requirement for studying the role of snow and sea ice in the global climate
system and for understanding the interactive ice—~ocean—atmosphere processes is the ability
to acquire large-scale synoptic observations. Satellite microwave imagery, unhampered by
clouds or by darkness, satisfies this requirement and provides the requisite large-scale
coverage for undertaking studies of the cyrosphere. Current problems in sea ice research
and specific contributions of passive microwave remote sensing have been addressed in
a report of the NASA Science Working Group for the Special Sensor Microwave/Imager
(1984). Plans for the SSM/I data are based on over ten years of passive microwave imaging
from several research satellites. The NASA report outlined the research required to realize
the poteniial of the measurements to be made by the SSM/I.

With the launch of the Nimbus 5 Electrically Scanning Microwave Radiometer (ESMR-
5) in December 1972, almost continuous coverage of the polar regions was obtained for the
first time. Because of instrument degradation, the usefulness of the ESMR-5 data set was
limited to four years. Nevertheless, these four years of data provided the basis for docu-
menting the large spatial variations in ice extent and concentration on time scales ranging
from seasonal to interannual in both the Arctic and Antarctic (e.g., Zwally, et al., 1983,
1983; Parkinson et al., 1987).

Two major limitations of the single-channel ESMR were its inability to distinguish
among radiometrically different sea ice types within the field- -of—view of the instrument
and to accommodate variations in the physical temperature of the radiating portion of
the ice and snow. With the launch of a Scanning Multichannel Microwave Radiometer
(SMMR) in 1978 on both the SeaSat and Nimbus 7 spacecraft, some of these limitations
have been overcome through the utilization of the multifrequency, dual-polarized radi-
ances obtained with the SMMR. SMMR data have improved the calculation of sea ice
concentration especially in the Arctic and have provided multiyear ice concentrations and
ice temperatures. Additional parameters including snow—cover variability, areal coverage
of melt ponds during the summer months, and the fraction of thin ice cover during winter

may eventually be determined from passive microwave sensors.



Passive microwave remote sensing instruments also provide the capability to quanti-
tatively measure snowpack and to respond to variations in snowpack properties, thereby
providing information about snow depth and snow water equivalent. Observations from
the Nimbus 7 SMMR have been used with some success to determine regional and global
snow parameters. Areas with rugged terrain and heavy vegetation present a greater chal-
lenge in developing retrieval techniques. This problem can be partially overcome by using
higher spatial resolution data from higher frequencies than are currently available from
SMMR.

The next generation of multichannel microwave radiometers will be flown on a series of
satellites operated by the Defense Meteorological Satellite Program starting in 1987 and ex-
tending well into the 1990’s. This new instrument is the Special Sensor Microwave/Imager
(SSM/I) which will fly in a sun-synchronous, near—polar orbit at an altitude of 833 km
with a period 101 minutes. In contrast to the SMMR on the SeaSat and Nimbus space-
craft, the SSM/I will provide near global coverage every day. The SSM/I operates at four
frequencies (19.35, 22.24, 37.0, and 85.5 GHz) with orthogonal (horizontal and vertical)
polarizations measured at each frequency except 22 GHz, which will have only a vertical
polarization channel. The 85.5 GHz channels will provide a spatial resolution of better
than 15 km, a significant improvement over the SMMR. Details of the instrument’s op-
erating characteristics are given by Hollinger and Lo (1983), and a summary is given in
Appendix A.

The purpose of this report is to outline a plan for (1) determining the degree to
which the sea ice and snow parameters derived from the SSM/I meet the observational
requirements as specified by the polar science community, (2) providing the SAWG with
the necessary information in order for that group to make recommendations for possible
algorithm changes and data reprocessing, and (3) monitoring the performance of the sensor
and for routinely checking the quality of the data products before distribution to the user
community. The justification for this effort stems from the need to supply the polar
science research community with a usable passive microwave data set which has been
quality checked and for which the derived geophysical parameters have been quantitatively

validated (NASA Science Working Group, 1984). A summary of the SSM/I data sets




recommended for archival by the NASA Science Working Group is given in Table 1 and
the geophysical areas in the northern and southern hemispheres to be covered by the NASA
archive of gridded SSM/I data are presented in Figure 1.

Table I Summary of Data Sets Recommended for Archival

Time Average Channels Storage
Data Set (days) (GHz) Parameters (MBytes/year)

SDR’s N/A (swath) 194 VH Global 28,000

222V brightness temperatures

370V,H in swath format

85.5 V H
12.5 km 1 85.5 V.H Gridded average 2,150
brightness brightness temperatures
temperatures (polar regions only)
25 km 1 194 VH Gridded average 1,350
brightness 222V brightness temperatures
temperatures 370 V.H (polar regions only)
50 km 3 Combination Gridded average total 240
ice maps ice concentration and

multiyear ice fraction
(polar regions only)

Ice extent 1 85.5 V.H Ice boundary 2
Monitor areas 1 194 VH Summary of brightness 0.6

222V temperatures in monitor

370 VH areas

85.5 V.H
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Figure 1. Geographical areas representing SSM/I data to be processed by the NASA Ocean
Data System [Figure extracted from the NASA Science Working Group Report
for the Special Sensor Microwave/Imager, 1984|




The plan consists of a summary of the observational requirements, specific validation
objectives, an outline of both pre-launch and post-launch activities with essential and
highly desirable tasks identified, guidelines for monitoring the sensor performance and
for checking the quality of data products, and the rationale for recommending algorithm
modifications and data reprocessing. An overview of this plan is schematically presented
in Figure 2. The implementation of this plan is the task of the NASA SSM/I validation
team. The organizational structure within the overall NASA SSM/I effort is illustrated in
Appendix B. Team members and their respective responsibilities are given in Appendix C.
Finally, this plan will be coordinated with a validation plan that has been developed for

the Department of Defense.

2.0 Observational Requirements

The observational requirements for sea ice and snow parameters have been docu-
mented in several sources over the past number of years. Three such documents include:
Ice and Climate Experiment (ICEX): Report of Science and Applications Working Group
(1979); Passive Microwave Remote Sensing for Sea Ice Research: Report of the Science
Working Group (1984); and Earth Observing System (EOS) (1984). All of these reports
have addressed observational requirements to various degrees of detail, including those
requirements that favor sensors other than microwave radiometers. Identification of pres-
sure ridges and leads, for example, requires a spatial resolution of tens of meters that can
only be provided by imaging radars or optical sensors. Those requirements which can be
accommodated with microwave radiometer measurements are very well organized in the
ICEX document, and exerpts of those requirements are summarized below in Table II for

sea ice and in Table III for snow cover.
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Table II.

Sea Ice Observation Requirements.

CATEGORY | [8)
SEA ICE &1 § ! TYPE RESOLUTION
PARAMETER ol &1 81 oF ACCURACY T o
A g Y | OBSERVATION | SPACE TIME
2] L] = DESIRED MIN DESIRED | MIN DESIRED MIN
< g3 & |
m O a !
Boundary I I Line Position 5 km 20 km 5 km 20 km 1 day 3 days
Concentration I I % of Area 2% 5% 25 km 25 km 1 day 3 days
I % of Area 10% 20% 5 km 25 km 1 day 3 days
I %of Area 2% 5% 1 km 10 km 1 day 3 days
Ice Type I I Il Frac/Area 5% 10% 1km 25 km 7 days 1 month
By Type
Surface Melting I Frac/Area Wet/Dry Wet /Dry 25 km 25 km 1 day 3 day
Surface Temperature 1 I Area Average 1°K 3°K 25 km 100 km 1 day 3 day
Ice Thickness I m Area Average 20 ¢cm i1m 25 km 100 km 7 days 1 month
{Limited thickness I Area Average 20 cm 1m 50 km 1 km 1 day 3 days
Information can be
Inferred from ice type)
Wind Velocity m i1 I Area Average 10° 20° 25 km 50 km 1 day 3 days
(over oceans only)
Table III. Snow Cover Observation Requirements.
CATEGORY OBSERVATIO
SNOW w E TYPE RESOLUTION
PARAMETER ) > (@] OF ACCURACY
o | £ | O | OBSERVATION SPACE TIME__
0 H = DESIRED MIN DESIRED MIN DESIRED MIN
< | 3|2
m | O | &
Percent Coverage i i Area Average 5% 5% 10 km 50 km 7 days 7 days
I | Area Average 1% 5% 1km 10km | 3 days 7 day
H,0 Content I Area Average lem/om?2 3em/cm?2 10 km 50km | 7 days 7 days
I Area Average lem/cm2 3em/.m2 1 km 10 km 3 days 7 days

Sampling Key
I
I
1i

- Continuous
- Frequent
- Occasional




It seems appropriate to discuss the sea ice and snow requirements in relationship to
the capabilities of the SSM/I. Beginning with the temporal requirements given in Tables
II and III, it should be noted that polar orbiting satellites always tend to give excellent
coverage in the Arctic and Antarctic regions. Furthermore, the SSM/I will have a data
swath of almost 1400 km., which is almost twice that achieved by the SMMR. Indeed,
Figure 3 illustrates the expected coverage achieved by the SSM/I during a 12-hour period
over the northern hemisphere. Twelve hours later, the remaining portions of the globe
will have been observed, except for some portions near the equator and the poles. Thus,
the desired temporal resolutions given in Tables II and III will be more than met by the
SSM/1.

The typical minimum spatial resolution requirement given in Tables II and III is 25
km., which will be difficult to achieve using existing SSM/I sea ice algorithms. Figure 4
illustrates this problem by noting the SSM/I footprint dimensions. Because the near cir-
cular antenna scans about a constant cone angle of 49 degrees, the earth-located footprint
will project an ellipse, with the semi-major axis oriented along the velocity vector of the
space-craft. The instantaneous dimensions of the ellipse are L x C as indicated in the fig-
ure, with the cross—track dimension stretched to the dimension X by the finite integration
time of the instrument. The existing algorithms will all utilize the 19 GHz channels to give
an average spatial resolution approaching 50 km. Therefore, the initial algorithms will not
satisfy the minimum spatial resolution requirements as defined in the ICEX document.
One exception is the location of the ice edge, which will utilize the 85 GHz channel, result-
ing in a spatial resolution of approximately 15 km. Clearly, an advancement in algorithm
or sensor development will be required to generally meet the ICEX minimum requirements
for spatial resolution.

The other major requirements to be noted for sea ice relate to ice concentration and
ice type accuracies. These requirements are coupled to current algorithm limitations and
instrument precision (Swift and Cavalieri, 1985). At present, the accuracy of sea ice
concentration using the NASA SAWG algorithm is limited to between 5% and 10% (e.g.,
Cavalieri et al., 1984; Burns et al., 1987; Martin et al., 1987). Larger uncertainties exist in

regions of new ice production (Cavalieri et al., 1986). Significant improvements will most
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Figure 3. Polar Orbital Coverage by the SSM/I during a 12 hour period. In one day most of
the earth is covered except for some small sectors near the equatorial regions and
at the poles. [Figure extracted from the NASA Science Working Group Report
for the Special Sensor Microwave/Imager, 1984].
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likely involve the use of region-specific algorithms or local tuning. The degree to which we
can distinguish ice types, currently limited to first—year and multiyear, is not as good. Be-
cause there is a continuum of radiometric signatures from first—year, through second-year,
to very old ice, regional tuning is again called for. At present, there are no unambiguous
methods of distinguishing among multyear ice types.

For snow, the resolution of the SSM/I limits the precision of the snowline on regional
maps, but on hemispheric or global maps which are at a scale of 1/2° latitude by 1/2°
longitude, the SSM /I resolution does not adversely affect the determination of the snowline.
Due to the coarse spatial resolution of the present microwave radiometers, combinations
of vegetation, terrain and snow information within a pixel complicate the development of
snow retrieval algorithms and the interpretation of the microwave brightness temperature
signatures (Foster, et al., 1984). During the snow accumulation season, satellite coverage
is desirable once every five or six days, corresponding to the time it takes weather systems
to develop and move along preferred storm tracks. However, as the snow begins to melt
repetitious coverage every three or four days would be valuable because the snowpack can
change rapidly in grain sizes, thickness and area/extent.

3.0 Validation Objectives

The specific objectives of the validation effort are (1) to verify the instrument’s preci-
sion and stability including its calibration in an absolute sense, (2) to validate the geophys-
ical parameters derived from the calibrated radiances, and (3) to provide documentation
of how well each of the parameters meets the observational requirements specified in the
previous section. The approach for evaluation of the sensor performance is relatively
straightforward and is discussed in Section 6.0. On the other hand, the question of the
validation of geophysical parameters is considerably more complex.

In general, validation means to substantiate, or to confirm. For remote sensing pur-
poses, validation usually means comparing a geophysical parameter derived from a remote
sensing instrument with a similar parameter derived either from insitu measurements or
other ground “truth”. The ground “truth” must have a known precision and accuracy;
preferably an order of magnitude better than the measurement we are trying to validate.

However, in practice, the ground “truth” can have as much uncertainty as the remote

11
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sensing measurement under question. As a consequence, the validation effort becomes one
of comparing two parameters obtained with different techniques. While such a comparison
is not strictly a validation, the cross—comparison may provide very useful information.

Confidence in microwave-derived sea ice parameters will result from the compila-
tion of numerous validation studies demonstrating a quantitative relationship with known
and accepted data sets covering as many geographical areas as possible under both win-
ter and summer conditions. In practice these validation studies will provide a statistical
comparison of the SSM/I-derived sea ice parameters with alternative sources of data in-
cluding visible and infrared satellite imagery, aircraft visual, photographic and high reso-
lution microwave observations, and surface measurements made from manned-platforms
and satellite-interrogated buoys.

The overall approach will attempt a true validation by identifying those ancillary data
sets which have known precision and accuracy to be useful in ascertaining whether or not
the SSM/I derived parameters meet the specified requirements. Once these established
sources of data are identified then a comparative analysis will be carried out. In some
cases, there will be a need to validate the ancillary data for the purpose of establishing the
utility of the data set before comparison with the SSM/I geophysical parameters. This will
be accomplished by using higher resolution sensor data or insitu observations over small
test areas. Other comparative data sets (e.g., from field experiments) will be generated, if
there are no established sources of data available for validating a specific parameter.

Another key requirement for establishing a meaningful intercomparison is the tempo-
ral and spatial coincidence of the two data sets. A familiar example of not satisfying this
requirement is the problem of comparing a point measurement with an areal observation.
Thus there is a need for multisensors in the same or different satellites, and well coordi-
nated field experiments with aircraft flying mosaic patterns to cover a sufficient number
of satellite footprints.

Although recent studies have demonstrated the utility of passive microwave satellite
remote sensing for measuring snow pack properties, there exists no generally accepted
algorithm at present for deducing snow depth and snow water equivalent (SWE) over

land from microwave radiometer signals. Several algorithms, all still under study and




development, are available to evaluate snow presence and SWE for specific regions and
specific seasonal conditions. A reliable SWE algorithm suitable for all seasons has so far
eluded researchers.

For the purpose of developing an acceptable snow algorithm for large-scale studies
and for furthering the understanding of the interaction between microwave radiation and
the snow pack, the following objectives will serve as the focus of the snow validation effort.
First, on the short-term, existing algorithms will be combined and refined for extracting
SWE values so as to produce a single algorithm for a specific region valid over an entire
snow season. Second, ground-based and airborne experiments will be conducted to gain
detailed information about the microwave response to various snowpack parameters so that
spatial variations within the field of view of the SSM/I can be better determined. Third,
in conjunction with the International Satellite Land Surface Climate Project (ISLSCP), a
radiative transfer model using SSM/I will be developed to better understand the interaction
between microwave radiation and the snow cover properties.

It is anticipated that the SSM/I will provide more realistic values for snow density
and snow grain size, important pararmeters in radiative transfer models, as a result of data
acquired from the higher frequency channels (i.e., 85.5 GHz). Results from these types of
investigations will be used to refine the current SMMR algorithms and should improve the

accuracy of the microwave snow maps.

3.1 Summary Reports
Finally, the end product of this overall validation effort will be two reports; one each

for sea ice and snow. The reports will summarize for each parameter the level of agreement
between the SSM/I derived parameters and those obtained from other sources. For sea
ice, the report will address the relative accuracy (relative to other observations) of the
following parameters:

1. Position of the sea ice boundary

2. Total sea ice concentration

3. Multiyear sea ice concentration

13
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Other key points to be addressed will be the accuracy to which the 85.5 GHz channels can
locate the ice edge, the accuracy of the parameters in different regions (e.g., the central
Arctic, the marginal ice zones, shallow seas such as the Bering Sea and deep ocean such as
the Greenland Sea), the accuracy of the parameters under various weather conditions and
the effectiveness of weather—effect filters, and the accuracy of the parameters in different
seasons.

For snow, the report will focus on the ability of the algorithm(s) to measure snow
pack properties, principally for specific regions and for specific seasonal conditions. An
assessment of the feasibility of developing a reliable global algorithm for snow cover area
and SWE will also be included.

These reports will provide the polar research community with documentation on how
well the sea ice and snow algorithms meet the observational requirements. Furthermore,
specific directions for research toward the development of algorithm improvements with
special emphasis on the newly acquired 85.5 GHz data will be provided.

4.0 Sea Ice and Snow Algorithms
4.1 Sea Ice Algorithm

The two most important sea ice parameters that are currently derived from passive
microwave satellite observations for studying global climate systems are the extent and
concentration of the ice cover. The ice-edge position is relatively easy to acquire due to
the large ice-water contrast at microwave wavelengths. The amount of open water within
the instrument’s field-of-view is more difficult to determine. This difficulty stems from
the variability of the microwave emission of the sea ice which depends on a combination
of factors including chemical composition, physical structure and temperature of the ice.
Also included are the surface properties such as snow density, grain size, surface roughness,
brine content and the degree of wetness. Thus, the accuracy to which the amount of
open water can be determined depends on the degree to which all of these factors can be
unambiguously distinguished.

After SMMR data became generally available as a reliable product in 1980, three
groups became active in algorithm development and performance using satellite data cou-

pled with in-situ observations. Each group developed an algorithm which appears in the



open literature, and each algorithm calculates both first-year and multiyear sea ice con-
centrations using only the 18 and 37 GHz channels. One of the algorithms was developed
by members of the Nimbus 7 SMMR experiment team at the NASA Goddard Space Flight
Center and is currently being used by the Nimbus project for deriving sea ice parameters
from the SMMR data. The algorithm is described by Cavalieri et al. (1984) and is referred
to as the Goddard algorithm. Another algorithm, developed jointly at the University of
Massachusetts, Amherst, and at the Canadian Atmospheric Environmental Service, Ot-
tawa, is termed the UMass/AES algorithm; it is described by Swift et al. (1985). The third
algorithm, the Bergen algorithm, was developed by the remote sensing group of the Univer-
sity of Bergen, Norway who were involved in the Norwegian Remote Sensing Experiment
(NORSEX). This algorithm is based on surface observations made during NORSEX, and
is discussed by Svendsen et al. (1983). Details of the algorithm derivations and algorithm
quality are discussed in these three papers.

In December 1984, The NASA Sea Ice Algorithm Working Group evaluated the results
of sensitivity studies of each of these algorithms for the purpose of choosing one for use
in processing the SSM/I data at the NASA Ocean Data System (NODS) at JPL. All
three algorithms had merits and deficiencies; however, the Goddard algorithm was less
sensitive to errors introduced by uncertainties in sea ice temperature. Futhermore, a
weather filter (Gloersen and Cavalieri, 1986) was subsequently developed and tested, which
greatly reduced false retrievals of sea ice over areas of open ocean. For these reasons, the
Goddard algorithm (hereinafter the SAWG algorithm) was selected for implementation
by NODS for the initial sea ice data products. A detailed discussion of the rationale for
selecting this algorithm and the sensitivity study results are given in Swift and Cavalieri
(1985).

The SAWG algorithm is nonlinear in brightness temperature and uses two ratios as
the independent variables. The first is the polarization PR which is a normalized differ-
ence between the vertically polarized brightness temperature TBV and the horizontally

polarized brightness temperature TBH and is defined for each frequency by:

PR = (TBV — TBH)/(TBV + TBH).
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The polarization for either first-year ice or multiyear ice is considerably less than that
for ice-free ocean. This property allows the polarization to be used for calculating sea
ice concentration for each field of view of the sensor. The determination of multiyear ice
concentration is based upon the increasing difference between the microwave emissivity of
first-year ice and multiyear ice with increasing frequency. A parameter incorporating these

spectral variations at 19 and 37 GHz is the spectral gradient ratio defined by:

GR = (TBV(37) — TBV(19))/(T BV (37) + TBV (19)).

The GR parameter, which is independent of differences in polarization, is used to dis-
criminate among ice-free ocean, first-year ice, and multiyear ice. Over open ocean, GR
is positive; over first-year ice, GR is approximately zero; and over multiyear ice, GR is
negative. These properties of the GR parameter also form the basis of the filter used to
eliminate spurious sea ice concentrations over areas of open ocean resulting from weather-
related effects such as heavy cloud cover and high surface winds (Gloersen and Cavalieri,
1986). This approach of using brightness temperature ratios for calculating ice concen-
tration and type, discussed in greater detail by Cavalieri, et al. (1984), has the added
advantage of greatly reducing the uncertainties in the derived ice parameters resulting
from spatial and temporal variations of ice temperature. The sensitivity of the calculated
ice concentration on ice temperature variations is reduced by over an order of magnitude
(Swift and Cavalieri, 1985). The disadvantage of the SAWG algorithm is that it is more
susceptible to errors associated with instrument noise fluctuations. However, the preci-
sion of the SSM/I measurements of the radiances is such that average errors in retrieval
concentrations will not exceed +5%.

The SAWG established several ground rules for the implementation of operational
algorithms, which are discussed in a subsequent section. The SAWG also recognizes that
continuing research by various institutions will inevitably lead to improvements in the data

products. Ground rules for implementing algorithm modification or algorithm replacement

is discussed in Section 8.0.



4.2 Snow Algorithms

Currently, several algorithms are available to evaluate and retrieve snow cover and
snow depth parameters for specific regions and specific seasonal conditions. These algo-
rithms have been derived from an analysis of data obtained from a combination of mi-
crowave sensors on-board satellites, aircraft, and surface-based measurements (Hallikanen
and Jolma, in press). Efforts to produce a reliable global snow algorithm using theoretical
calculations have been made by several investigators (Kunzi, et al., 1982), (Hallikanen,
1984) and (Chang, et al., 1986). For example, Chang, et al., (1986) have developed an
algorithm that assumes a snow density of .30 and a snow grain size of .35 mm for the
entire snowpack. The difference between the SMMR 37 GHz and 18 GHz channels is used
to derive a snow depth/ brightness temperature relationship for a uniform snow field. Mi-
crowave measurements have the capability to penetrate the snow and respond to variations
in subsurface properties. In addition, the microwave portion of the spectrum is advanta-
geous because of the large difference in the dielectric constant of liquid and frozen water,
which causes a significant variation in the microwave signal when liquid water is present.

At present, radiometers at 0.8 cm wavelength (37 GHz frequency) are the most widely
used sensors for snowpack monitoring. Scattering of the 0.8 cm radiation by the snow is
strong since snow crystal sizes often equal or surpass the wavelength. In order to study
the internal structure of snowpack metamorphism, microwave radiation which emanates
from different portions of the snowpack at different microwave wavelengths can be better
analyzed using the multifrequency approach.

During the 1983 Bering Sea Marginal Ice Zone Experiment (MIZEX - West) a 92 GHz
sensor was employed on-board the NASA CV-990 aircraft. Over Alaska it was found that
the 92 GHz data are even more sensitive to snow crystal scattering than the 37 GHz data
(but also more sensitive to atmospheric constituents). Microwave brightness temperature
patterns in the Alaskan study area at 92 GHz were found to be similar to the brightness
temperature patterns from the 37 GHz data (Chang, et al., 1987).

This algorithm is presently being tested in several different regions in the northern
hemisphere in order to verify the microwave response of varying snow conditions. One

such region is in the western U.S., the Colorado River basin (289,600 km?), which includes
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rugged terrain and heavy vegetation. This basin presents a greater challenge in developing
snowpack parameter retrieval techniques than do flat, homogeneous prairie areas. SMMR
data for the winter seasons from 1979 to 1983 have been studied in an effort to establish
a relationship between microwave brightness temperatures and snow depth measurements
made in different elevation zones and physiographic areas of the Colorado River basin.
Three years of data (1979-1981) are being used to develop a snow parameter retrieval
algorithm which will be tested by using the remaining two years. Preliminary results
indicate that even in heterogeneous mountainous regions it may be possible to use remotely
sensed microwave data to better estimate the water content of high elevation snowpacks.
5.0 Pre—launch Validation Activity

5.1 Sea Ice

In preparation for the validation/calibration of the SSM/I, a number of pre ~launch

tasks have been identified. These tasks include:

o Software development and testing

o Selection of sites for algorithm validation and instrument performance tests

e Co-registration of SSM/I with SMMR grids

¢ Instrument bias removal techniques with SMMR
o Identification of established data sets for comparison with SSM/I

e Arctic Ocean Buoy Program and NOAA ocean buoy data
e NASA/NOAA/DMSP/Landsat/satellite images
e NAVY/NOAA/Canadian aircraft reconnaissance surveys

¢ NAVY/NOAA/Canadian ice charts
e Identification of other data sources for comparison with SSM/1

e rawinsonde
e research ships

e MOSI (Japanese remote sensing satellite)




e aircraft SAR data
e upward-looking radiometers

¢ downward-looking radiometers (aircraft/other satellite)

These activities will be completed before the launch of the SSM/I, and are well in
progress as of the date of this plan. For example, Figure 5 which shows standard devi-
ations of sea ice concentrations as derived from Nimbus 7 SMMR data, indicates several
regions over the Arctic which have exhibited very stable ice concentrations for the win-
ter microwave characterization of first-year and multiyear ice types at SMMR frequencies.
Similar analysis in both Arctic and Antarctic will be used for the selection of SSM/I sea ice
and ocean signatures. As of the date of this document, work is well underway at Goddard
and NSIDC to map SMMR data onto the SSM/I grid in preparation for a comparison
between the two data sets. Natural targets, such as the Amazon jungle, have been inves-
tigated at the University of Massachusetts as possible calibration targets for the SSM/I.
In addition, UMass investigators have cross—compared NOAA buoy and SMMR data to

estimate instrumental biasses.

5.2 Snow

The pre-launch activities for validation of the snow parameters include site selection
as well as a pre-launch field program. The specific sites and the rationale for their selection
are as follows:

¢ Canadian and U.S. Great Plains
e Primary study area will be in southern and central Saskatchewan, western Man-
itoba, and northern North Dakota and Montana.

e Approximate latitudes and longitudes 47°N - 54° N, 100°W - 107°W.

e This area includes principal grain growing areas of Canada (North America bread
basket) - tall and short grass prairie areas, relatively homogeneous topography
and vegetation - graduating to parkland (mixed grasslands and aspen stands)
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Figure 5. Gridded Standard Deviations of Derived Sea Ice Concentrations in the Arctic.
The results are based upon analysis of several days of SMMR data. Detailed
discussion is given in Cavalieri, et al., (1984).
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and boreal forest in the northern-most part of the study area. Snow is generally
shallow and cover is not always continuous.

e Colorado River Basin

e Secondary study area is in the central Rocky Mountains of the U.S.
e Approximate latitudes and longitudes 37°N - 44°N |, 105°W - 112°W.

e This area encompasses high mountain peaks, tablelands, plateaus and broad
basins - the topography and vegetation is complex and heterogeneous. Snow
is generally shallow in basins but deep mountain packs common at higher eleva-
tions.

e Interior Basin of Alaska
o Tertiary study is in central Alaska near Fairbanks.
e Approximate latitudes and longitudes 64°N - 65°N, 145°W - 150°W.

e This area includes densely forested areas which drain into the Yukon River. To-
pography is hilly with mixed deciduous and coniferous stands. Deep snowpacks
are typical in this region.

A pre-launch experiment took place in the Great Plains of Saskatchawan, the primary

snow study area, during February 1987. The experiment included:

e testing and confirmation of snow sampling methods

¢ establishing flight lines for airborne gamma overflights and passive microwave
overflights

e assuring representation of snow course sites
¢ conducting track-mounted scatterometer trials

e snowpack stratigraphy - determining preferred locations for depth hoar develop-
ment (large depth hoar crystals readily scatter microwave radiation).
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6.0 Post—launch Validation Activities
6.1 Sea Ice

Post—launch efforts for both sea ice and snow will group into two categories: essential
and highly desirable. This division of work results primarily from the need to carry out
basic instrument and algorith