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Editor's Comments

Steven C. Reising

Department of Electrical and
Computer Engineering

113B Knowles Engineering
Building

University of Massachusetts

Amherst, MA 01003-4410

TEL: 413.577.0697

FAX: 413.545.4652

E-Mail: reising@ecs.umass.edu

bership as a whole for entrusting me with the duties and respon
sibilities of this position. | anticipate that the Newsletter will
continue to serve as an active forum for both technical and in
formal communication among our members.

The outgoing Newsletter Editor is Professor Christopher S.
Ruf. Chris began this service to our Society with the March 1997
issue, and he deserves our gratitude for his time and effort. Dur
ing his three-year term as Editor, the Newsletter has gained an at
tractive color cover, with a new masthead and relevant remote
sensing images, as well as added a Newsletter web page, now
consolidated with the GRSS web page, and accessible at
http://ewh.ieee.org/soc/grss/newsletter/grssnewshome.html
During the transition of the editorship in recent months, Chris
has provided information and assistance to ease me into the posi
tion. Please join me in thanking Chris Ruf for his service to our
Q

Greetings to all members of the Geoscience and Rem&eolety'

Sensing Society. | begin as Editor of our Newsletter with this is
sue. | would first like to thank the GRSS AdCom and the mem

continued on page 7

President’s Message

Werner Wiesbeck

Institute for Microwaves and
Electronics

University of Karlsruhe

Kaiserstr.12

D 76 128 Karlsruhe

Germany

Tel.: +49-721-608-2522

Fax: +49-721-69 18 65

E-Mail: werner.wiesbeck@
etec.uni-karlsruche.de

In mid-February 2000 the IGARSS 2000 Technical Progra
Committee selected the submitted papers for presentation in
various oral and poster sessions at the IGARSS 2000 Symposi
Many of you supported this activity by reviewing quite a numbe
of papers. In total approximately 1,600 papers were submitt
more than for any previous IGARSS. From the titles alone itis €
ident that Remote Sensing is still a young science. New techng
gies, techniques and systems with exciting features will
presented at IGARSS in Honolulu. The theme for this year
Taking the Pulse of the Planet: The Role of Remote Sensing
Managing the Global Environment. Our responsibility for the f
ture of our planet and for humanity is evident. We are the or
who need to make decisionmakers and politicians aware of ef]
ronmental development issues, present and future. Our res
have to be timely and precise, with global coverage fro

Numerous items were discussed at the IEEE Technical Ac-
tivity Board (TAB) and Board of Directors (BoD) meetings in
New Orleans in mid-February. It seems that the financial prob-
lems have been solved. There is an ongoing discussion about
our logo and trademark. A new position statement is another is-
sue. Further streamlining the administration is also one of the
hot topics. However, what seems to me of utmost interest to the
membersis electronic publishing. This will become a multimil-
lion-dollar market in the future. Each entity will try to establish
intellectual property for its products. The fight for the market
started vehemently in 1999. The big publishers like Elsevier
and Bertelsmann are like dinosaurs in this business. In the past,
IEEE had difficulties to keep up. But it seems that with its elec

Cover Figure Information

Top left: Part of the Shuttle Radar Topography Mission hardware
photographed through Endeavour’s aft flight deck windows about h
way through the scheduled 11-day SRTM flight. The mast, only pa
tially visible at lower right, is actually 200 feet (60 meters) in lengtH.
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Topright: The prominentlinear feature straight down the center ofth
perspective view is the San Andreas Fault. The SRTM C-ba
interferometric SAR data used to create this image will enhanee ¢
tailed studies of fault dynamics and landforms resulting from activ
tectonics. This segment of the fault lies west of the city of Palmdal
California, about 100 kilometers northwest of Los Angeles.

Toogow

Bottom: This perspective view shows the western side of the volcar]
cally active Kamchatka Peninsula in eastern Russia. The image V
generated using the first data collected from the C-band instrument d|
ing SRTM. In the foreground is the Sea of Okhotsk. Inland from th
coast, vegetated floodplains and low relief hills rise toward sno
capped peaks. High-resolution SRTM topographic data will be used
geologists to study how volcanoes form and to understand the hazg
posed by future eruptions.

Photo Credit: NASA/JPL/Caltech
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subsurface to space. This is our challenge for the future.
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President's Message
continued from page 3

tronic publishing systems, AKS, IEL and Xplore, IEEE has
achieved an excellent entry into the market. As a member yo
have access to products of your Society without cost. Fo
other Societies to which you do not belong, there is a low feq
for electronic products. Nonmembers are required to pay th
full fee, which may be between $15 and $25 (US) per pape
order. | recommend that you “Xplore” the webwyw
.ieee.org.ieeexplojend see what is available. When Xplore
was first launched on February, 29th, 2000, | was impressed.
The quality of most of our publications is excellent. Mean
while several other Societies have already published digitally
on CD-ROMs or DVDs. Our Society will go completely digi

tal during 2001.

At the AdCom meeting the Technical Committee Chair
men presented their respective Committee activities. Davt
deBoer reported on the Instrumentation and Future
Techologies Committee, Larry Fishtaler the Data Standard =
ization and Distribution Technical Committee and Paul Smits i
the Data Fusion Committee. If you are interested in one o‘
more of these committees and their work please contact the
Chairman directly. You can access the home page of these
committees through the IEEE home page, under Societies.
Several IEEE Societies have formed the new IEEE Sensor
Council. Our GRS-Society is represented by Al Gasiewski
and Andy Blanchard. During recent meetings the new Coun-
cil decided to publish an IEEE Sensor Journal, with the first
issue expected by May 2001. GRS-Sis also active inthe IEEE
New Technology Direction Committee, and Paul Racette is
our representative. In 2002 the hardcopy of our GRS-S Frans
actions will become optional. TGARS will go to twelve is
sues per year, starting in 2001.

A major point of discussion atthe AdCom meeting was the
extension of GRS-S activities in publications, conferences,
and workshops. The decision was made to examine the-possi
bility of rapid publishing of letters, as is done by several othe
Societies (e.g.. MTT). It was also decided to increase th
number of workshops and conferences supported or-spo
sored by GRS-S. Two workshops are already being-org
nized. | would like to ask all members to think about
workshops in their area of specialization. These workshop
are usually dedicated to a single topic and may have sever
tens up to more than one hundred participants.

We now look all forward to IGARSS 2000 in Hawaii. |
look forward to meeting all of you at the reception on Sunday
evening, July 23rd. Ned Sauthoff, President of IEEE USA,
will speak briefly. Take the opportunity, go global, come to
Hawaii!

Werner Wiesbeck
President IEEE GRS-S

Newsletter Editorial Board Members:

Steven C. Reising, Editor

Department of Electrical and Computer
Engineering

113B Knowles Engineering Building
University of Massachusetts
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TEL: 413.577.0697

FAX: 413.545.4652

E-Mail: reising@ecs.umass.edu

Edward J. Kim, Associate Editor for
Organizational Profiles

Building 33, Room A426

NASA Goddard Space Flight Center
Mail Stop 975

Greenbelt, MD 20771

TEL: 301-614-5653

FAX: 301-614-5558

E-Mail: Edward.J).Kim.1@gsfc.nasa.gov

Adriano J. Camps,

Associate Editor for European Affairs
Department of Signal Theory and
Communications

Polytechnic University of Catalonia,
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Department of Electrical and Computer
Engineering

113D Knowles Engineering Building
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Dr. Albin J. Gasiewski (AdCom 1999-2001) Dr- Kamal Sarabandi (AdCom 1998 2000)
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E Mail: agasiewski@etl.noaa.gov Dr. Haruhisa Shimoda (AdCom 1998 2000)
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Phone: 202 767 3443 Honorary Life Member
Fax: 202 767 9194 Lockheed Martin Corp.
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Dr. Jon A. Benediktsson (AdCom 2000-2002) Phone: 610 531 5740
Department of Electrical and Computer Engineering =~ Fax: 610 644 8521
University of Iceland E Mail: kiyo.tomiyasu@Imco.com
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107 Reykjavik Iceland Dr. Leung Tsang
Phone:” 354-525-4670 Transactions Editor
Fax: 354-525-4632 University of Washlngton . .
E-Mail: benediki@hi.is Department of Electrical Engineering, Box 352500

Seattle, WA 98195, USA

Dr. Andrew J. Blanchard  (AdCom 1999-2001) Erons: 296 585 7937

IGARSS2000 General Co-Chairman E Mail: tsang@ee.washington.edu
College of Engineering

University of Missouri Columbia i i -
W1024 Engineering Building East agfgfg"ﬂmi'ﬁj{‘;a” (AdCom 2000-2002)
Columbia, Missouri 65211, USA 104 Weed Hall

Phone: 573 882 4403 Hempstead, NY 11549

Fax: 5738822490 = Phone: 516-493-5546

E Mail: blancharda@missouri.edu Fax: 516-269-5920

Email: eggdew@hofstra.edu
Dr. David G. Goodenough (AdCom 2000-2002)

IGARSS2000 General Co-Chairman Dr. Keith R. Carver

Pacific Forestry Centre Honorary Life Member

Natural Resources Canada University of Massachusetts

506 West Burnside Road Dept. of Electrical & Computer Engineering
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The University of Michigan
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Ms. Tammy Stein
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Dr. R. Keith Raney
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Phone: 301 953 5384
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E Mail: Keith.Raney@jhuapl.edu
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University of Arizona

ECE Dept., Bldg. 104, Rm. 230
Tucson, AZ 85721 0104, USA
Phone: 520 621 6193
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University of New South Wales
Office of Postgraduate Study
Sydney, NSW 2052, AUSTRALIA
Phone: 61 2 9385 2731

Fax: 61 2 9385 3733

E Mail: t.milne@unsw.edu.au

Dr. Ellsworth LeDrew

IGARSS02 General Chairman
University of Waterloo

Geography Department

200 University Ave. West

Waterloo, Ontario M2L 3G1 , CANADA
Phone: 519-888 4567 x 2783

Fax: 519-888-6768

E-Mail: ells@watleo.uwaterloo.ca

Dr. Didier Massonnet

IGARSS03 General Chairman

CNES

18 Avenue E Belin

Toulouse Cedex 31401, FRANCE
Phone:l: 33.5.61273418

Fax: 33.5.61273167

E-Mail: didier.massonnet@cst.cnes.fr

Dr. Verne Kaupp

IGARSS04 General Chairman
Alaska SAR Facility

University of Alaska Fairbanks

903 Koyukuk Dr., P. O. Box 757320
Fairbanks, Alaska 99775-7320, USA
Phone: 907-474-7263

Fax: 907-474-6441

E-Mail: vkaupp@images.alaska.edu

Dr. Wooil M. Moon

IGARSSO05 General Chairman

Seoul National UniversityDept. of Earth System Scienc
Kwanak-gu Shilim-dong San 56-1

Seoul, 151-742, KOREA

Phone: 822-880-8898

E-Mail: wmon@eosl.snu.ac.kr

’*<

)

IEEE Geoscience and Remote Sensing Society Newsletter = June 2000



Introducing the New AdCom Members for 2000

Jon Atli Benediktsson is Professor of In 1995 Dr. Moreira was the recipient of the DLR Science
Electrical and Computer Engineering alAward. In 1996 he and his colleagues received the IEEE 1996
the University of Iceland, Reykjavik, and Transactions Prize Paper Award for the development of the
a Visiting Professor at the School ofso-called “Extended Chirp Scaling Algorithm.” In 1999 he re
Computer Science and Electronic Sysceived the IEEE AESS Fred Nathanson Memorial Radar
tems, Kingston University, Kingston Award to the Young Engineer of the Year. Dr. Moreira’s ro
upon Thames, U.K. He received thefessional interests and research areas encompass SAR
Ph.D. degree from the School of Eleetri end-to-end system design and analysis, SAR signal processing,
cal Engineering at Purdue University inpolarimetry and interferometry, innovative radar techniques
1990 and also received the 1991 Stevan J. Kristof Award as tiied expert systems for data fusion and classification.
outstanding graduate student in remote sensing. He was-the re

cipient of the 1997 Icelandic Research Council’'s Outstandi
Young Researcher Award and was recently selected as are(
ent of the IEEE Third Millenium Medal. Dr. Benediktsson i
currently an Associate Editor of the IEEE Transactions ¢
Geoscience and Remote Sensing (TGARS). From 1996 to 1¢
he served as the Chairman of the IEEE Geoscience and Re
Sensing Society’s Technical Committee on Data Fusion.
co-edited (with Professor David A. Landgrebe) a Special Iss Engineer for Stanford Research Institute,
on Data Fusion of TGARS which appeared in May of 1999. Menlo Park, CA. Since 1968 Professor
has held visiting positions at the Joint Research Centre of ttéeissman has been a full-time faculty member at Hofstra Uni-
European Commission, Ispra, Italy, at Denmark’s Techniceérsity. His research over the past 30 years has involved the de-
University (DTU), Lyngby, Denmark, and at the School ofelopment of microwave radar remote sensing techniques that
Electrical and Computer Engineering, Purdue University. Hian estimate ocean surface winds and atmospheric turbulence
research interests are in pattern recognition, neural networksucture parameters. These results will enable scientific appli-
remote sensing, image processing, and signal processing, eaibns for satellite-based radars (NSCAT and QuikScat; for

David E. Weissman (S'60-M’'61-
SM’76-F'91) received his B.A. and
B.E.E. degrees in 1960 and his M.E.E.
degree in 1961 from New York Univer
sity, and his Ph.D. degree in Electrical
Engineering from Stanford University in
1968. From 1963-1968 he was a Research

62
) =&

he has published extensively in those fields. the measurement of global ocean wind fields and stress) and for
the measurement of air-sea interaction on the microscale and
Alberto Moreira (M'92, S’96) was born mesoscale levels.
in Sdo José dos Campos, Brazil, in 1962. His service to the IEEE spans 24 years. He was- Edi
He received the B.S.E.E. and theor-in-Chief of the IEEE Journal of Oceanic Engineering from
i 7 M.S.E.E. degrees, in 1984 and 1986, re1979-1982, Conference Technical Committee Co-Chairman

spectively, from the Aeronautical Tech for the 1983 IEEE Geoscience and Remote Sensing Society
nological Institute (ITA), Brazil and the Symposium, and a member of the IEEE Publications board,

a Eng. Dr. degree njit Auszeichnung 1988-1989. He has been member of the Administrative
£y Honors) from the Technical University Committee of the Oceanic Engineering Society (OES) since
of Munich, Germany, in 1993. 1976, Chairman of the Technical Committee on Remote

From 1985 to 1986, he worked at ITA as a research assist&@nsing, OES, since 1985, and is currently Chairman of the
and consultant. In 1987 he received a four year scholarship fré@&S Fellow Evaluation Committee. He was elected to the GRS
DAAD, Germany to work towards his Ph.D. at the German Aeré\DCOM in 1999.
space Center (DLR - Institut fir Hochfrequenztechnik) in the area Prof. Weissman was elected IEEE Fellow in December
of SAR signal processing. From 1992 to 1995, he was the head890. He received the IEEE Centennial Medal in 1984, (Romi
the Signal Processing Group at DLR. As its chief scientist and erated by the Oceanic Engineering Society). He received the
gineer since 1996, Dr. Moreira manages the DLR SAR Teehn@lest Applications Paper Award in 1977 for a paper co-authored
ogy Department. He is responsible for developing and operatinggh James W. Johnson and published in the IEEE Transactions
the high-resolution DLR airborne SAR system. Under his leadem Antennas and Propagation. In 1995, he was honored with the
ship, the DLR airborne SAR system has been upgraded to opefateanic Engineering Society Distinguished Service Award.
in innovative imaging modes like polarimetric SAR interferemeHe received a NASA HQ Citation for contributions to the
try and polarimetric tomography. NSCAT Scatterometer Project in 1998.
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Introducing New Associate Editor for Organizational Profiles

Edward J. Kim (5’90, M'99) received model. He also built a suite of microwave radiometers that have
the SB, SM, and Engineer’s degrees albeen used in three ground experiments totaling 500 deployed
in Electrical Engineering from the Mas days. In 1997, he was selected for a National Research-Coun
sachusetts Institute of Technology. Hecil Research Associateship, and in 1998, he was awarded sec
— completed a joint PhD with the Depart ond prize in the International Geoscience & Remote Sensing
—4 ments of Electrical Engineering and-At Symposium student paper competition. Dr. Kim is now at

' i. mospheric Sciences at the University oNASA’s Goddard Space Flight Center, where he works with

Michigan in 1998. From 1987 to 1998, the Microwave Sensors and Hydrological Sciences Branches.
he was also a self-employed engineeHis interests include the modeling of soil, vegetation, and
ing consultant. At MIT, he worked on ground-based anshow; radiative transfer theory; and instrument development.
spaceborne optical interferometry projects for astronomy. At Goddard, he is Principal Investigator for the Airborne
Michigan, he worked with one of the firstland surface proces3-band Microwave Radiometer.
models coupled to a soil/vegetation microwave emission

Introducing New Associate Editor for University Profiles

. ‘ Stephen J. Frasier (5°94-M°95) re- involved the development and application of a phased-array
ceived the B.E.E. degree in 1987 fromimaging radar for oceanographic research.
the University of Delaware and the Ph.D.  Since 1994, Dr. Frasier has been employed by the Univer-
degree in 1994 from the University of sity of Massachusetts as a Research Engineer, Senior Research
Massachusetts, Amherst. Fellow, and currently as Assistant Professor. His research in-
From 1987 to 1990 he was withterests include microwave imaging and interferometric tech-
SciTec, Inc., asubsidiary of TRW, whereniques, radio oceanography, and boundary-layer remote
he worked on signal processing and anakensing. Dr. Frasier has served as Chair of the Springfield
ysis of EM and IR signatures of rocket(MA) chapter of GRSS, and is currently a Commission F repre-
plumes, evaluation of laser detection systems, and develgpntative to the US National Committee, URSI. He isamember
ment of data acquisition systems for airborne IR sensors.dhthe American Meteorological Society and the American
August 1990 he joined the Microwave Remote Sensing LabGeophysical Union.
ratory of the University of Massachusetts. His graduate work

Carver has written an informative and entertaining history of
GRSS, beginning with the formation of our Society’s prede
cessor, the Group on Geoscience Electronics (G-GE), in 1961.
Next, Christian Matzler and colleagues at the Helsinki Univer

The Editorial Board of the Newsletter has had several pesity of Technology have provided a review article on modeling
sonnel changes. The new board members are Edward Kihrg microwave emission of snowpacks. Our Society President,
Assoc. Editor for Organizational Profiles, and Stephen Frasi&/erner Wiesbeck, helps our members look toward the future
Assoc. Editor for University Profiles. Adriano Camps continof radar sensors by focusing on the synthesis of RF, micro
ues to serve as Assoc. Editor for European Affairs. | encouragave, digital and software technologies. In another article he
anyone interested in submitting articles, comments, upcomiegplains the structure of our Society’s AdCom, and three new
meeting announcements, or letters of interest to our membAdCom members are introduced. We are proud to announce
to contact the appropriate Assoc. Editor or me directly. Contatiat 11 members of our Society were elected as new Fellows of
information and brief biographies of the new members appdhe IEEE for 2000. Finally, the President’'s Message addresses
later in this issue. the current topics of electronic publishing, technical commit

A number of other items of interest appear in this issugees, and new workshops, inviting us to go global. As he does, |
First, as we celebrate the 20th anniversary of GRSS, Keith IBok forward to seeing you at IGARSS in Hawaii.

Editor's Comments
continued from page 3
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History of the IEEE Geoscience and
Remote Sensing Society

Keith R. Carver
University of Massachusetts
Amherst, MA 01003

Introduction Much of the interest in this organization came from engi
In this millenium year 2000 we celebrate the 20th anniversamgers and scientists in the Southwestern United States, primar
of the formation of the IEEE Geoscience and Remote Sensiiyg those involved in the petroleum industry. Although the
Society (GRSS), which evolved in 1980 from the former IEEEarly interest was mainly in electro-seismic instrumentation,
Professional Technical Group on Geoscience Electronigiginal processing and seismic modeling, the G-GE early-char
(G-GE). G-GE was formed in 1961 as the 29th technical groggr included a much broader range of geophysical and
of the Institute of Radio Engineers (IRE). Over the past two dgeoscientific topics. The G-GE organized sessions on
cades GRSS has grown in size and intensity while maturingdeoscience electronics topics for the annual Southwest IRE
technical scope and international stature. As we mark thgsgnference (SWIRECO), beginning in 1962. Sessions and pa
achievements it is important to remember our earlier roots ‘ij’érs were also organized for other meetings including the In
G-GE and its evolution to GRSS. ternational IEEE Convention in New York City. These
This GRSS history is a chronicle of the vision and achievgassions continued until the late 1960's.
ments of key leaders, and of the sustained professional Contrib“'AIthough the first papers presented and published under

tions by many hundreds of scientists and engineers Sharingp%nsorship of this society were primarily motivated by elec-

common interest in geoscientific exploration of the earth, inStrH'onic instrumentation for petroleum exploration, a concerted
mentation, and remote sensing. It also links to their personal Iivgﬁ,Ort was begun in 1962 to broaden the scope, particularly by
their families, and to thelr_employers who have s_upported tn1 olving oceanographers and others interested in undersea
grand endeavors of geoscience and remote sensing. Those W oloav and instrumentation

have made these sustained contributions to GRSS are really qufe 9y ’

remarkable people. What makes them tick? What drives their en- )
gines of such extraordinary professional service? G-GE AdComRobert Olson called for a meeting to be held

The first published history of G-GE and GRSS wakebruary 15, 1962 in Dallas, the main purpose of which was to

authored by Ed Wolff and published in the 1991 GRSS New9anize an Administrative Committee (AdCom) for the
letter. | updated this history five years ago and published it f[A"0UP- There were twenty-one people in attendance at that

the September 1996 Newsletter as a text-only condensatiof§teling and an AdCom of nine member§ was elected: Robert
a more extensive website version accessiblentp:// W. Olson and Bernard H. List of Dallas; Marian A. Arthur,

ewh.ieee.org/soc/grss/history/histindex.htm Sidney Kaufman and Frank C. Smith of Houston; W. Theodore
Girnand Robert A. Broding of Tulsa; W. Harold Mayne of San
Group on Geoscience Electronics Antonio; and Harold W. Smith of Austin. The purpose of the
Formation of G-GE The idea of forming the Group onAdCom was to provide management of the Group, including
Geoscience Electronics originated from a 1961 breakfd§tancial planning, membership recruitment, oversight of the
meeting of twenty interested people eonTransactions and selection of its Editor, and the setting oftech
vened by Dr. Lloyd V. Berkner, then Pres Nical directions.
ident of both the IRE and the AGU, and The first G-GE AdCom meeting was held on April 13, 1962 at
Mr. Robert W. Olson, Vice President ofthe SWIRECO meeting in Houston. This meeting resulted in the
Texas Instruments This meeting was €lection of Bob Olson as the first G-GE AdCom Chairman, and
held on April 20, 1961 at the Southwest@dditional AdCom members were added: Ben S. Melton, A. H.
IRE Conference in Dallas, Texas and reWaynich and Jean Lebel. A draft Constitution and Bylaws were
sulted in a petition to the IRE Board of Di discussed and procedures were adopted for mail ballot approval
Robert W. Olson rectors to form a Professional Group orf the final documents. These documents were officially ap
Founder and First Geoscience Electronits This petition proved by the IRE Executive Committee on October 16, 1962.
Chairman, G-GE  \as approved by the IRE on November A second AdCom meeting was held at the SWIRECO in
15, 1961. Dallas on October 1, 1962 and was primarily concerned with

1 private communication, Prof. Harold W. Smith, University of Texas at Austin, 12-7-95
2The History of the Geoscience and Remote Sensing Society of the IEEE, Edward A. Wolff, 1991 GRSS Newsletter, pp. 14 - 17.
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tronics” and envisioned the role that the
Transactions would seek to play, as indi
cated in this excerpt:

future activities and a first Group budget. Bob Olson was su
ceeded by Professor Harold W. Smith, with the Department
Electrical Engineering at the University of Texas, Austi
Other members of the 1963 AdCom included R. A. Broding,
Cantwell, W. E. Gordon, Isadore “Is” Katz, S. Kaufman, Je
D. Lebel, Bernard H. List, C. Gordon LittleBen S. Melton
Edwin B. Neitzel, Robert W. Olson, F. C. Smith Jr, G. H
Sutton, Aubra E. Tilley, and A. H. Waynich. The Editor of th
G-GE Transactions was Alan W. Trorey who was with the Cal Alan W. Trorey
ifornia Research Corporation in La Habra. The Newsletter EdFirst Transactions
tor was Edwin B. Neitzel. A copy of the 1964 IEEE Editor . ) .

ioral sciences. If such a policy were

Transactions on Geoscience Electronics cogld_ be pgrchaseqo”owed, however, the TRANSACTIONS would not
for $2.25, and the annual member subscription price was . o
serve a useful purpose. To be of benefit to the scientific

$12.75. . ) ; .
Table 1 lists the AdCom officers for the period 1962 —1979. and engineering communlty_, papers Wh'.Ch already
have well-defined outlets available to them in other ex

. . isting journals should not normally appear in the
First Transactions G-GEIn 1963 and 1964 the Group on TRANSACTIONS. Furthermore, papers need to be of

Geoscience Electronics was comprised mainly of U.S.-engi mutual interest to both the electronic scientist and the
neers and scientists who were interested in such solid-earth coscientist. As we have seen. there is a larae area of in
topics as seismic exploration and recording, electroseismic ef-d ’ ’ 9 .
: . N .~ ~" terest common to the two groups. Both are interested in
fects, seismometer designs and enhanced filtering techniques. . ) .
: o . . Similar natural phenomena and both are involved with
applied to seismic signals. The Transactions on Geosc'enceelectronic instrumentation used in the study of these
Electronics (T-GE), first published in December 1963, was henomena. This. then. defines our ublicatiyon olic
concerned with the publication of both theoretical and applied pven thou h the ,boun<,jar of this polic is va pue ai/t.
papers on geoscience electronics. Papers were sought that diEest it will ge the quide useﬂ by the e%itogi/al staffgin de-
not have a ready outlet in existing geophysical or engineering cidin, whether orgnot the subyect matter of a paper is
journals. Paper submissions were few in this new journal, with suita%le for publication in the %’RANSACTIONg E)I'he
four papersin volume GE-1 No. 1 and only three papersinvol- : h.p firsti h b | db '
ume GE-2 No. 1 (November 1964). Although all the early pa- paper? Ilrl] t |sh!rst |s|_sue ave been selected by attempt-
pers dealt with solid-earth electro-seismic instrumentation, Ing to follow this policy.
this fledgling Group had much broader goals in mind. In addition to this lead-off article, there were four technical pa
Alan W. Trorey°’, the first Transactions Editor, wrote the firstpers published in this first Transactions. Three of these had to do
article to be published in volume GE-1 (Dec. 1963) of this newith seismic waves and instrumentation, and one was on oeeano
journal. He entitled it “From Geo-Wireless to Geoscience Elegraphic instrumentation.

“... Logically then, it would seem
that any journal entitted TRANSAC
TIONS ON GEOSCIENCE ELEC
TRONICS should solicit and accept
for publication any good paper in vir
tually any area of science, including
even biology, zoology, and the behav

Year Chairman Vice-Chm. Secr.-Treasurer Transactions Newsletter
(Oct.) / President Editor Editor

1962 R. W. Olson H. W. Smith None E. B. Neitzel
1963 H. W. Smith A. E. Tilley E. B. Neitzel A. W. Trorey E. B. Neitzel
1964 A.E. Tilley B. S. Melton E. B. Neitzel A. W. Trorey E. B. Neitzel
1965 I. Katz B. S. Melton E. B. Neitzel A. W. Trorey E. B. Neitzel
1966 W. A. Drews E. B. Neitzel R. R. Ross A. A. J. Hoffman T. J. Hickley
1967 W. A. Drews E. A. Wolff R. R. Ross A. A. J. Hoffman T. J. Hickley
1968 E. A. Wolff M. E. Ringenbach R. R. Ross A. A. J. Hoffman M. T. Miyasaki
1969 E. A. Wolff H. S. Field J. C. Redmond A. A. J. Hoffman M. T. Miyasaki
1970 H. S. Field J. C. Redmond J. C. Redmond A. A. J. Hoffman M. T. Miyasaki
1971 J. C. Redmond C. F. Getman M. L. Sims A. A. J. Hoffman M. T. Miyasaki
1972 J. C. Redmond C. F. Getman M. L. Sims S. Riter M. T. Miyasaki
1973 C. F. Getman M. L. Sims J. W. Rouse S. Riter none

1974 M. L. Sims J. W. Rouse Jr. R. T. Lacoss S. Riter none

1975 J. W. Rouse Jr R. T. Lacoss C. D. McGillem S. Riter J. Eckerman
1976 C. D. McGillem J. Eckerman J. A. Schell Jr. H. Kritikos J. Eckerman
1977 J. Eckerman A. F. Gangi open H. Kritikos J. Eckerman
1978 A. A. J. Hoffman H. Kritikos, H. J. Perlis open H. Kritikos T. Walton
1979 A. A. J. Hoffman H. N. Kritikos, H. J. Perlis open H. Kritikos T. Walton

Table 1. G-GE Officers 1962 - 1979

3then at California Research Corporation, La Habra, California
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G-GE Expands Scophn 1967 the first Transactions article deal  G-GE International Symposiarhe First Annual Interna
ing with oceanographic under-sea instrumentation was publishidnal Geoscience Electronics Symposium, sponsored by
The November 1968 Transactions (volume GE-6) was its fil€-GE was held from April 16-18, 1969, at the Twin Bridges
Special Issue, on Oceanographic InstruMarriott Hotel, Washington, D.C. Arrangements for this sym
mentation, guest edited by Gilbert Jaffe. Th@osium were handled by the host Washington Chapter of
lead article was entitled “Oceanographie INnG-GE. The Steering Committee Chairman of this meeting was
strumentation: A Crisis of National Ne Charles F. Getman, then with the U.S. Naval Oceanographic
glect,” by Harvey D. Kushner. This article, Office in Washington. This first meeting turned out to be a
quoting from a 1967 speech by thergreat success, with 376 engineers and scientists in attendance.
Vice-President Hubert H. Humphrey, eut There were 63 papers presented in 13 technical sessions-on top
lined some of the then-current problems ofts such as earth resources surveys, oceanographic and meteo
Edward A. Wolff oceanographic instrumentation and- exrological remote sensing, earth seismology instrumentation,
G-GE Chairman  horted the Federal Government to providand environmental pollution. Although no digest of papers was
1968, 1969 assistance in the advancement of state-giublished for this symposium, a Special Issue composed of se
the-art-technology and improvement in the quality of oceankected papers from this meeting was published in the October
graphic instrumentation. 1969 (GE-7) Transactions on Geoscience Electronics. The
By 1968 the Group on Geoscience Electronics had thus éanquet speaker at this first symposium was Professor Paul S.
tablished a significant technical presence in two fields —geBauer. The registration fee for IEEE members was $17.00.
physics and oceanography. The addition of a third field - The 2nd International Geoscience Electronics Symposium
meteorology - was soon to follow. This expansion of activitiewas held April 14-17, 1970 in Washington, D.C. atthe Marriott
was spearheaded by Edward A. Wdlthe new G-GE AdCom Twin Bridges Motel, and was chaired by Michael L. Sims.
Chairman. In an editorial published in the May 1968 Transa@here were 70 papers presented in 18 sessions, and a 100-page
tions, Ed Wolff emphasized that the society should not only ligigest of papers was published. This successful meeting in-
concerned with individual geoscientific disciplines, but alsoluded an awards banquet on April 16, with the speaker being
their interactions. In this article he clearly foresaw that thd.S. Senator Warren G. Magnuson. Senator Magnuson called
Group (and later the Society) would become involved in intefer the creation of a World Environment Institute to provide an
disciplinary geoscientific studies and instrumentation, whidghternational, interdisciplinary approach to global environ-
certainly proved to be the case. mental problems. As a result of his suggestion, a G-GE team
Under Ed Wolff's leadership, G-GE activities significantlycomposed of Enrico Mercanti, Mace Miyasaki, and Ed Wolff
increased in 1969. Annual dues were increased 25% to $5, dredjan a survey of the world’s environmental community and
the group conducted its first annual International Geosciengessible implementation arrangements for a World Environ
Electronics Symposium. G-GE also arranged a session ment and Resources Council (WERC). In 1971 the G-GE ob
oceanography at the IEEE International Convention in Netained support from the IEEE Technical Activities Board and
York as well as technical sessions at the first Offshore TechAB Vice-President Harold Chestnut to hold a first explor
nology Conference held in Houston that April. The number @tory meeting from the world environmental community to
Transactions pages planned was increased to 300, and ftren the WERC. This meeting was held in Washington, D.C.
group presented the first award in its newly adopted awards August 26-27, 1971, atthe time of the IEEE G-GE 1971 An
program. The G-GE AdCom also that year voted for full groupual Symposium.
participation in the National Telemetering Conference and al The 3rd International Geoscience Electronics Symposium
located an initial contribution of $2000 for this purpose.  was also held in Washington, August 25-27, 1971. The-Gen
During the 1970’s, G-GE successfully resisted an IEEE peral Chairman was Ralph Bernstein, with the IBM Corpora
litical problem. There was a faction in the IEEE hierarchy thdion. There were 47 papers published in a 78-page Digest.
believed that small was bad, at least in terms of membershidtendance at this third meeting was only about 150, much
G-GE membership had declined to about 1200 by 1975, thlasver than the previous two years, and substantially fewer than
becoming the second or third smallest group in the IEEE. Thigere needed for the meeting to be a financial success.
faction of the IEEE was pushing for a merger of G-GE into the
Aerospace and Electronic Systems Society (AES). They dizeoscience and Remote Sensing Society (GRSS)
succeed in merging the two Washington chapters, although thel 979 the AdCom of the Group on Geoscience Electronics
jointness was soon forgotten with the preponderance of AES-GE) voted to change its name to the Geoscience and Re
members. However, G-GE itself survived as a separate groupgte Sensing Society (GRSS), and to change the name of its
and soon became a more multidisciplinary organizé_’tion. journal to the Transactions on Geoscience and Remote

4 atthattime, Ed Wolff was the Director od Research, Pulse Communications Inc., Alexandria, Virginia. He later worked for Geotronics Inc. (Efa|\ifwia) and
still later with NASA Goddard Space Flight Center, Greenbelt, Maryland.
5 private communication, Ed Wolff, Nov. 19, 1995.
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Sensing. This initiative recognized th
strong linkage among the variou
geoscientific disciplines and the powerfy
technigues of remote sensing and the i
portance of these topics to the membersh
The impetus for this change came fro
Fawwaz T. Ulaby, a new member of th
AdCom and then Professor of Electric:
Engineering at the University of Kansas
This change was supported by other kg
members of the AdCom, and was approv
by the IEEE Executive Committee in Be
cember 1979. In a preface to the Janug
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1980 issue of the Transactions, GRSS Pr
ident Ulaby noted that the term “remot

sensing”in the sense used by the new GRSS
was broadly defined “to include observations from spaceborgeige variety of technical areas, the Editors after Harry

and airborne platforms, as well as seismic recording of thg

pe)
gigure 2. Transactions Pages Published

With an increasing number of papers being submitted over

itikos began to add Associate Editors, as well as Guest Edi

earth’s subsurface and sonar mapping of the ocean floor."ysr for special topics. For example, in 1999 there were two

specialized topic issues, one on Data Fusion and the other on

Transactions GRSS he first issue of the newly naméHEE

the ADEOS satellite system. These special issues have

Transactions on Geoscience & Remote Sensi@ume .61 1o have immense value to researchers, providing con-

GE-18, No. 1) was published in January 1980 under the editQshjent access to a large group of papers on relevant aspects
ship of Professor Harry Kritikos, University of Pennsylvanlaof a single subject or application

As before, there were four issues published per year. By 1984 ¢ seen in Figure 1, the Executive Editors looked somewhat
paper submissions had increased to the point that the AdCom,,yer when they took the job than when they finished. The
decidedto publish sixissues per year. The increased numbef of \bor of Transactions pages published annually has grown

papers was due in part to a decision to publish an annualificantly, from 36 pages in 1963, to 253 pages in 1981, to
IGARSS special issue, composed of selected papers presepi&d >700 pages currently, as shown in Figure 2.
at the annual symposium. ’

GRSS AdComs, Officers and
LeadersEngineers and scientists
in the field of geoscience electron
ics and remote sensing routinely
turn to the IEEE Transactions on
Geoscience & Remote Sensing as
an archive of important refereed
papers and information. They also
rely on the annual IGARSS for
late-breaking information and the
opportunity for informal discus
sions with their colleagues. These
“users” owe a debt of gratitude not
only to the authors, but also to the
many volunteers who have guided
the Society to its present-day sta

_‘&

1-\- y
™ Nl
Calvin T. Swift
Transactions

Editor
1981-1984

Alex J. Hoffman
Transactions Editor
1966-1971

Alan W. Trorey
Transactions Editor
1963-1965

Stephen Riter
Transactions
Editor
1971-1975

Harry N. Kritikos
Transactions
Editor
1976-1980

<)

Fawwaz T. Ulaby
Transactions
Editor
1985-1988

i
Richard Doviak
Transactions
Editor
1989-1991

James A. Smith
Transactions
Editor
1992-1995

Leung Tsang

Transactions
Editor

1996-present

tus. In the formative years of the
Geoscience and Electronics Soci
ety, it was a challenging task for
the Editor to publish a Transac

Figure 1. Executive Editors of Trans. G-GE and Trans. GRSS

tionsissue with arespectable num

6 Fawwaz Ulaby is now Vice President for Research at the University of Michigan, and the R. Jamison & Betty Williams Professor of Electrical Eragidégoimguter

Science.

IEEE Geoscience and Remote Sensing Society Newsletter = June 2000

11



Year President Vice-President Secretary/ Transactions Newsletter Symposium
Treasurer Editor Editor General
Chairman
1980 F. T. Ulaby H. J. Perlis, K. R. Carver H. N. Kritikos W. T. Walton
H. N. Kritikos
1981 F. T. Ulaby K. R. Carver, R. E. McIntosh C. T. Swift J. Crawford F. T. Ulaby
R. J. Lytle
1982 K. R. Carver R. J. Lytle, R. E. McIntosh C. T. Swift C. Balanis J. Bodechtel
L. R. Breslau
1983 K. R. Carver R. J. Lytle, R. E. McIntosh C. T. Swift C. Balanis K. R. Carver
L. R. Breslau
1984 R. E. McIntosh A. J. Sieber, J. A. Reagan C. T. Swift A. Blanchard P. Gudmandsen
C. A. Balanis
1985 C. T. Swift A. Sieber J. A. Reagan F. T. Ulaby A. Blanchard R. E. McIntosh
1986 D. Landgrebe R. K. Raney J. A. Reagan F. T. Ulaby R. Newton H. Haefner
1987 D. Landgrebe R. K. Raney J. A. Reagan F. T. Ulaby J B Cimino F. T. Ulaby
1988 R. K. Raney J. A. Reagan M. C. Dobson F. T. Ulaby J B Cimino D. D. Hardy
1989 R. K. Raney J. A. Reagan M. C. Dobson R. Doviak J B Cimino J. S. MacDonald
1990 J. A. Reagan D. Goodenough G. H. Ludwig R. Doviak J B Way V. V. Salomonson
M. C. Dobson
1991 J. A. Reagan D. Goodenough G. H. Ludwig J. A. Smith J B Way M. Hallakainen
M. C. Dobson
1992 D. Goodenough J B Way R. M. Hardesty J. A. Smith J B Way A. J. Blanchard
A. J. Blanchard
1993 D. Goodenough A. J. Blanchard R. M. Hardesty J. A. Smith R. M. Narayanan M. Takagi
J. Gatlin
1994 A. J. Blanchard M. T. Hallikainen R. M. Hardesty J. A. Smith R. M. Narayanan JB Way &
J. Gatlin D. McCleese
1995 A. Blanchard M. T. Hallikainen R. M. Hardesty, J. A. Smith S. Gogineni P. Pampaloni
J. Gatlin
1996 M. T. Hallikainen N. Khazenie T. Jackson L. Tsang S. Gogenini R. Narayanan
1997 M. T. Hallikainen N. Khazenie T. Jackson L. Tsang C. Ruf H. Lim
1998 N. Khazenie W. Wiesbeck T. Jackson L. Tsang C. Ruf L. Tsang
1999 N. Khazenie W. Wiesbeck T. Jackson L. Tsang C. Ruf W. Alpers
2000 W. Wiesbeck C. Luther T. Jackson L. Tsang S. Reising A. Blanchard &
D. Goodenough

Table 2. GRSS Officers 1980 — 2000

ber of papers. The Society was not well-known, and it todBRSS NewsletteFhe Geoscience Electronics Group published a
many years to reach critical mass. Then, as now, the publiddewsletter from its inception. The Newsletter has been continued
tion of the Transactions was expensive. These publicatiby the Geoscience and Remote Sensing Society and enlarged
costs and recovery of page charges dominated the budgetaithin recent years to typically twenty pages in length with feature
concerns of the AdCom. Since that time, hundreds of-dedirticles, book reviews, organizational profiles, chapter activities
cated professionals have served on the AdCom, as Editorsaad announcements of upcoming IGARSS meetings, workshops,
Chairs of standing committees, in IGARSS leadership, and other conferences. The Newsletter has always been an effective
otherwise have contributed significantly to GRSS. These eheans of disseminating information about GRSS activities,
forts have resulted in a well-managed Society, a prestigiobmader IEEE issues, calls for papers, etc. When GRSS was formed
Transactions and the recognition of IGARSS as the leadim1980, G-GE Newsletter Editor Travis “Trav” Walton continued
remote sensing international symposium. to serve under the new GRSS masthead. In the early years it was

The elected GRSS officers, Editors, and IGARSS Geneggmetimes difficult for the Newsletter Editor to gather GRSS-re
Chairs are listed in Table 2. Each one of these individuals cdated articles of general membership interest, so issues were often
tributed enormously to the Society’s growth and succedBin. Inrecentyears the Newsletter has grown, with issues regularly
Space limitations preclude the recognition of the other officeifzcluding a wide range of articles on many technical and scientific
and members who have worked so hard to make GRSS-a sigpics of interest to members, accomplishments of individual
cess. Aphoto gallery of elected Chairmen and Presidents of thembers, and the various laboratories from academe, industry and
G-GE and GRSS AdCom is shown in Figure 3. government agencies that conduct research in geoscience electron
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Robert W. Olson
Founder, Chm.
G-GE, 1962

| N

John C. Redmond
Chairman, G-GE
1971, 1972

<)

Fawwax T. Ulaby
President, GRSS
1980, 1981

)

Harold W. Smith
Chairman, G-GE
1963

et

1Al
T

)
Aubra E. Tilley
Chairman. G-GE
1964

£

Charles F. Getman
Chairman, G-GE
1973

Keith R. Carver
President, GRSS
1982, 1983

David Goodenough
President, GRSS
1992, 1993

Michael L. Sims
Chairman, G-GE
1974

Robert Mclntosh
President, GRSS
1984

Andrew J. Blanchard

President, GRSS
1994, 1995

1
Isadore Katz
Chairman, G-GE
1966, 1967

0 7

John W. Rouse
Chairman, G-GE
1975

William A. Drews
Chairman, G-GE
1966, 1967

Edward A. Wolff
Chairman, G-GE
1968, 1969

Harold S. Field
Chairman, G-GE
1970

Clare W. McGillem
Chairman, G-GE
1976

rd

&

=
w._h

Calvin T. Swift
President, GRSS
1985

David A. Landgrebe
President, GRSS
1986, 1987

Martti Hallikainen
President, GRSS
1996, 1997

Nahid Khazenie
President, GRSS
1998, 1999

Jerry Eckerman
Chairman, G-GE
1977

R. Keith Raney
President, GRSS
1988, 1989

Werner Wiesbeck
President, GRSS
2000-

Alex A. Hoffman
Chairman, G-GE
1978, 1979

John Reagan
President, GRSS
1990, 1991

Figure 3. Presidents, Chairman of GRSS, G-GE

ics and remote sensing. The growth of the Newsletter has bee
companied by some recent management changes. The Editor |
heads an Editorial Board that includes Associate Editors for Ut
versity Profiles, Review Articles, European Affairs, and Organiz
tional Profiles. The Associate Editors solicit and feature activities
their areas that are of significance and interest to the members
Recent issues also provide improved visual appeal, with a co
page in color, the GRSS colorful logo, and advanced printing tec
niques. The Newsletter Editors are shown in Figure 4.

Society Membershipn 1963 the total membership in G-GE
was approximately 800, including 34 students. In 1992 mem
bership peaked at 2800 and is currently about 2300, as sh

Kiyo Tomiyasu,
First GRSS Awards appears in the May issue of that year.

Chairman

Transactions paper in the preceding
year, and an Outstanding Symposium
Presentation Award was also created.
The selection of the Best Transactions
Paper Award was guided by the Editor,

who made a recommendation to the
G-GE Awards Committee. The Best

Transactions Paper Award for 1968 was
presented to Bob LaCoss, whose paper

The Awards Committee also cookdi
nated nominations of G-GE members

HMEEE Fellow, and instituted special certificates of appre
ciation for past G-GE officers, past Transactions and News
G-GE and GRSS Award%he first series of G-GE awardsletter Editors, and past Symposium chairmen. No systematic
was adopted by the AdCom in 1968. A Best Transactions P@&cord of these awards has been found for the decade-begin

per Award was created to recognize the author(s) of the bestg in 1970.

in Figure 5.
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Travis Walton
Newsletter Editor
1978-1980

John Crawford
Newsletter Editor
1981

Jo Bea Way
Newsletter Editor
1987-1992

Ram Narayanan
Newsletter Editor
1993, 1994

Connie Balanis
Newsletter Editor
1982, 1983

e
=y

Sivaprasad Gogineni
Newsletter Editor
1995, 1996

Andy Blanchard
Newsletter Editor
1984, 1985

Chris Ruf
Newsletter Editor
1997-2000

el -
Richard Newton
Newsletter Editor
1986

\

W

Steve Reising
Newsletter Editor
2000-

ity, service, du
ration, breadth
of participation,
and cooperation.
The individual
must be a mem
ber ofthe GRSS.
The recipient
shall receive a Harry Kritikos,
certificate.” The First recipient of

first recipient of GRSS Outstanding
the GRSS Out Service Award
standing Service Award (1981) was
Professor Harry Kritikos, University
of Pennsylvania, who was recog
nized for “his outstanding services
for the benefit and advancement of
the Geoscience and Remote Sensing

Figure 4. Newsletter Editors 1978 — 2000

Society.”
The Best Transactions Paper

In 1981 the GRSS AdCom moved to revitalize its awards agwardwas established to recognize the author(s) who has pub-
tivities. This initiative was led by Kiyo Tomiyasu, then with thelished in the IEEE GRS Transactions during the calendar year
General Electric Valley Forge Space Center in Pennsylvantan outstanding paper in terms of content and impact on the
Kiyo Tomiyasu served as Chairman of the GRSS Awards CoiGeoscience and Remote Sensing Society. If a suitable paper
mittee for many years. In 1981 he proposed to the GR$&nnot be found among those published during the calendar
AdCom a series of awards that would recognize and encouragar, papers published in prior years and subsequently recog-
excellence in service to the Society, distinguished technical catized as meritorious may be considered. In selecting the paper,
tributions, outstanding Transactions papers and exceptiobgder suggested factors considered are timeliness and clarity.
IGARSS conference papers. In addition to these GRSS awai@gE membership is preferable but not required.” Of the papers
the Society also had a Fellows Committee to consider nomirgublished in calendar year 1981, the paper selected for the 1982
tions of outstanding Society members for Fellow of the IEEEBest Transactions Paper Award was “Inclusion of a Simple

The Distinguished Achievement Awavehs established by Vegetation Layer in Terrain Temperature Models for Thermal
the GRSS to recognize an individual “who has made signifiR Signature Prediction,” by Lee K. Balick, R. K. Scoggins,

a sustained period. The contri

cant technical contributions, usually overand L. E. Link, Jr. (GE-19, pp. 143-152, July 1981).

bution shall fall within the
technical scope of the GRSS.
IEEE membership is preferrec
for the recipient of this award
but is not required. This awarc
includes a plaque and a cerifi
Richard K. Moore, cate. The first recipient of the

Firstrecipientof ~ GRSS Distinguished Achieve
GRSS Distinguishedment Award was Professo
Achievement Award Richard K. Moore, University
of Kansas, who was recognized for “his significa
technical contributions over a sustained period
the field of microwave remote sensing.”

The Outstanding Service Awavehs established
by the GRSS to recognize an individual “who hg
given outstanding service for the benefit and g
vancement of the IEEE Geoscience and Rem

3000
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2000

1500

1000
/

500

0
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Sensing Society. In selecting the individual, t

suggested factors are leadership, innovation, acfiigure 5. GRSS and G-GE Membership 1963 - 2000.
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IEEE Centennial Medaldn 1984 the IEEE celebrated itssored Distinguished Speakers, who are recognized experts in
100th anniversary and established the Centennial Medal Pvarious areas of geoscience and remote sensing.
gram to honor individuals to be recognized for their loyal and
dedicated service to the Institute and to the profession. Thérdernational Geoscience and Remote Sensing
were 8 GRSS recipients of the IEEE Centennial Medal afgymposium (IGARSS)

Certificates who were recognized at the IGARSS'84 meetirlg 1980 then-President Fawwaz Ulaby led a major initiative
in Strasbourg: Keith R. Carver (Univ. of Massachusettsipr the Society to renew its sponsorship of an annual interna
Jerome Eckerman (NASA Goddard Space Flight Centetipnal symposium on geoscience and remote sensing. Fhe se
Haralambos T. Kritikos (Univ. of Pennsylvania), Robert Eies of three international annual G-GE symposia that had
Mcintosh (Univ. of Massachusetts), Richard K. Moore (Univbegunin 1969 were discontinued from 1972 - 1980, partly due
of Kansas), Alois J. Sieber (DFVLR — Oberpfaffenhofen),-Cato AdCom concerns about the financial losses incurred in the
vin T. Swift (Univ. of Massachusetts), and Fawwaz T. Ulab$:971 meeting. By 1980, however, there was arapidly inereas
(Univ. of Kansas). ing interestin new satellite-borne remote sensor systems such

Honorary Life MembersThree GRSS members have beeas the Earth Resources Technology Satellite (ERTS) as well
elected to the position of Honorary Life Member of theas parallel advances in solid-earth sensing, atmospheric and
AdCom: Fawwaz T. Ulaby, Keith R. Carver, and Kiyooceanographic remote sensing techniques and sensor sys
Tomiyasu. tems. In the U.S. major new remote sensing initiatives were

IEEE Fellows in GRSSAs of January 1, 2000, there wergbeing led by NASA, NOAA, USGS, etc. Outside the U.S.,
116 GRSS members who have been elected to the grade of Rew missions were being planned by agencies in Canada
low of the IEEE. (CCRS), Europe (ESA), Japan (NASDA) and in a number of

other countries. There was no well-organized annual remote
G-GE and GRSS Chapteisocally organized GRSS chapterssensing international symposium where there was balanced
have provided a means for further enhancing the value of tagphasis on all branches of geoscience as well as instrumen-
Society to local membership, through sponsorship of lecturion and information processing. President Ulaby proposed
or seminars on topics of interest, social activities, etc. In recéatthe GRSS AdCom that it should sponsor a new symposium
years, the Society has created a Distinguished Speaker Feries, to be called the International Geoscience and Remote
gram designed specifically to enhance chapter activities Bgnsing Symposium (IGARSS). He suggested that
providing nationally known speakers on geoscience and I&ARSS’81 be held in Washington, D.C. in the late spring of
mote sensing topics of interest. 1981, that it should have a strong international participation,

The first Chapter of the G-GE was formed on December 1and that it sponsor sessions in all of the technical areas of in-

1962 in Houston, Texas, and was chaired by L. B. McManitgrest to the Society. He saw this as a way to revitalize the So-
By 1968 activity had expanded to five regular chapters locatéity, to increase membership, and to make the GRSS Society
in Houston, Los Angeles, Washington, Tulsa and Providendgown as aleader in the field of remote sensing. This proposal
That year, the Houston Chapter was chaired by R. J. Schwawas supported by the AdCom, and plans were developed to
the Los Angeles Chapter by Martin N. Kaplin, the Washingtohold IGARSS’81 at the Marriott Twin Bridges Hotel, site of
Chapter by Edward W. Bisone, the Tulsa Chapter by John the last Group symposium in 1971.
Shanks and the Providence, Rhode Island Chapter by Arthur S.
Westneat. Since G-GE was one of the smallest IEEE techni
societies, attendance at chapter meetings ranged from poo
5) to excellent (over 30). Chapter chairmen arranged for din
speakers, local plant tours, and other activities of interest
G-GE members. The Washington Chapter was particularly :
tive during the late 1960’s, and coordinated the three G-(
symposia held in Washington in 1969, 1970 and 1971. To
membership in GE or GRSS was generally less than 1500
that only a few metropolitan areas had sufficient members|
form the chapter with critical mass.

By 1995 there were eleven GRSS Chapters, located in Bos
Massachusetts; Springfield, Massachusetts; Washington/No
ern Virginia; Atlanta; Southeastern Michigan; Denver; Houstoﬂ
Los Angeles; Oakland/East Bay; Toronto; and Tokyo. Most i ' rh
these are joint chapters with other IEEE chapters of Societies: ABARSS'82 reception, from left: Johannes Bodechtel, Keith Carver,
tennas & Propagation, Aerospace and Electronics, etc. Chapigfinie Taranik, Jim Taranik, Bavarian Minister for Science and
activities have been enhanced by the availability of GRSS-sp@&uaucation, Alois Sieber.
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Meeting Location Date Registrations Countries Gen. Chm. Tech. Prog. Chm.
IGARSS’81 Washington, DC, USA June 8 - 10, 1981 431 16 F. Ulaby K. Carver
IGARSS’82 Munich,W. Germany June 1 -4, 1982 359 27 J. Bodechtel P. Hartl
IGARSS’83 San Francisco, Calif.,USA Aug. 31 - Sept 2, 1983 368 18 K. Carver D.G.Rea &

D. Weissman
IGARSS’84 Strasbourg, France Aug 27 - 30, 1984 261 17 P. Gudmansen  W. Keydel
IGARSS’85 Amherst, Mass, USA Oct. 7 -9, 1985 444 21 R. Mcintosh C. Swift
IGARSS’86 Zurich, Switzerland Sept. 8 - 11, 1986 473 29 C. Haefner K. Itten
IGARSS’87 Ann Arbor, Mich., USA May 18 - 21, 1987 448 23 F. Ulaby K. Carver
IGARSS’88 Edinburgh, Scotland Sept. 12 - 16, 1988 346 32 D. D. Hardy P. L. Williams
IGARSS’89 Vancouver, B.C., Canada July 10 - 14, 1989 > 1000 41 J. S. MacDonald J.F.R. Gower
IGARSS’90 College Park, Md., USA May 20 - 24, 1990 845 30 V. Salomonson J. A. Smith
IGARSS’91 Helsinki, Finland June 3 -6, 1991 695 29 M. Hallikainen M. Tiuri
IGARSS’92 Houston, Texas, USA May 26 - 29, 1992 661 26 A. Blanchard A. Fung,

A. Sieber
IGARSS’93 Tokyo, Japan Aug. 18 - 21, 1993 611 42 M. Takagi S. Fujimura
IGARSS’94 Pasadena, Calif., USA Aug. 8 - 12, 1994 854 33 J. B. Way & E. Njoku

D. J. McCleese

IGARSS’95 Florence, Italy July 10 - 14, 1995 834 35 P. Pampaloni P. Bruscaglioni
IGARSS’96 Lincoln, Nebraska, USA May 2 - 31, 1996 769 31 R. Narayanan R. Mcintosh,

C. Swift
IGARSS’97 Singapore August 4 - 8, 1997 513 34 H. Lim T.S.Yeoetal.
IGARSS’98 Seattle, Washington, USA July 6 — 10, 1998 1035 40 L. Tsang Y. Kuga,

D. Winebrenner
IGARSS’99 Hamburg, Germany June 28 — July 2, 1999 882 45 W. Alpers R. Banler,

R. Winter
IGARSS’00 Honolulu, Hawaii July 24 - 28, 2000 A. Blanchard, A. Gasiewski,

D. Goodenough K. St. Germain

Table 3. IGARSS meetings 1981 — 2000

been sponsored by the Society
or its predecessor Group, and
estab- lished the Society as a
leading disseminator of infer
mation on the rapidly growing
field of remote sensing and ap
plications to geoscientific s
sues. Moreover, there were
sixteen countries represented
at IGARSS'81.

International Participation
The Institute of Electrical and

UMass grad students at IGARSS'87 in Ann Arbor, from left: C.
| Popstefania, R. Narayanan, D. McLaughlin, A. Tanner.

3 : Electronics Engineers (IEEE) s
Fawwaz Ulaby at bat: a transnational organization

IGARSS'81 was held Ju8 - 10, 1981 at the Twin Bridges! GARSS'89 baseball game in - yith global membership. While
Marriott Hotel in Washington, D.C. The General Chairmah@"couver. the roots of the IEEE Geosci
was Fawwaz Ulaby, and the Technical Program Chairman ence and Remote Sensing Soci
was Keith Carver. There were 416 in attendance, and a cogty can be traced to a group of engineers and scientists
prehensive 2-volume Proceedings was published, with 14pfmarily in the Southwestern United States, GRSS today at
pages. The banquet speaker was Harrison Schmidt, a Sentnts vigorous participation by engineers and scientists from
from New Mexico and a former Apollo astronaut. This wagaround the world engaged in endeavors that are intrinsically
the largest and most successful of the conferences that Igebal.
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ton, San Francisco, Amherst, Ann
Arbor, College Park, Houston, Pasa
dena, Lincoln, Seattle and Honolulu
in July 2000. In addition to
IGARSS’82 in Munich, IGARSS
meetings have also been held in
Strasbourg, Zurich, Edinburgh, Van
couver, Helsinki, Tokyo, Florence,
Singapore, and Hamburg, as shown
in Table 3. Starting with the
IGARSS’'86 meeting in Zurich, ithas
become the accepted practice to
name meeting rooms after the cities
in which IGARSS conferences have
been held.

The printed version of the Pro
ceedings of IGARSS has grown to be
a heavy multi-volume publication,
IGARSS 1981 — 2000hen plans were made for IGARSS'81 inand the printing cost is a major element of eaph year'sIGARSS
Washington, it was envisioned by President Ulaby that many #idget. Starting with the IGARSS’95 meeting, the IGARSS
the subsequent meetings would be held outside of the NoRfpceedings has also been issued on CD-ROM.
American continent. Since 1981 the Society has alternated the
sites of its annual IGARSS between cities in North America amRecent GRSS Activities
cities outside North America. In recent years the GRSS AdCom has made a number of

Several key individuals played an important role in arranginghanges to improve the functioning of the Society. For ex-
for the second IGARSS to be held in Europe. These were Algignple, in 1995 an Executive Committee was instituted, rec-
Sieber, Wolfgang Keydel, and Franz Schlude (all associatedognizing that the position of President entails major
that time with the German Aerospace Establishment DFVLREsponsibilities and that an expanded governance structure
along with Phil Hartl (University of Berlin) and Johannesvas required. The Executive Committee includes the Presi-
Bodechtel (University of Munich) and others. The German orgdent, an Executive Vice President, and four functional Vice
nizing team worked closely with Fawwaz Ulaby, Keith CarvePresidents assigned to Operations, Technical Committees,
and other members of the AdCom to arrange for IGARSS'82 kaeetings and Symposia, and Professional Activities. This
be held in Munich. Even before IGARSS'81 was held in Waslmew structure has significantly expedited the operational as
ington, skeletal plans were in place to hold IGARSS'82 at thgects of the AdCom.
University of Munich. Professor Bodechtel of the University of |n 1994 the AdCom decided to form Technical Commit
Munich agreed to be General Chairman, and other key committees addressing certain activities within GRSS. The cur
assignments were made. To celebrate, a reception for teétly active Technical Committees are Data Fusion, Data
IGARSS'81 participants was held during the symposium, at ti&andardization and Distribution, and Instrumentation and
National Air and Space Museum, just across Independence A#giture Technology. The effort to form these Technical
nue from NASA Headquarters. This enjoyable affair was host@bmmittees was led by Charles Luther for the first several
by the West German Embassy, whose Charge d’Affairs for Sgiears and resulted in a more focused organization in key
ence and Technology announced that IGARSS’82 would be hed¢hnical areas of interestto GRSS. As a result of this effort,
in Munich. There were many initial questions among AdComnore detailed technical issues have been identified, culmi
members about how the technical program and financial detailsting in various workshops sponsored by GRSS. These are
would be worked out for the first IGARSS outside the U.S., bgleen as seeding Society professional growth by identifying,
these details were all handled smoothly and efficiently by the Gefefining and pursuing areas for improved comprehension
man organizing team. and operational significance. Recent examples are the First

IGARSS’82 was a tremendous success and established thigrnational Workshop on Pattern Recognition in Remote
GRSS-sponsored symposium as the leading international c@ensing (PRRS) to be held in Andorra in September 2000,
ference on the topic of geoscience and remote sensing tegahd the microCal Workshop to be held at the University of
niques. This achievement led to a 1982 AdCom decision kMaryland Conference Facility in October 2000.
hold meetings both in the U.S. and every other year outside thelGARSS also continues to be a major focus of GRSS, with
U.S.IGARSS meetingsinthe U.S. have been held in Washingeetings planned several years in advance. Upcoming-meet

Eni Njoku shows the edge of experience at Paolo Pampaloni & Simone Paloscia,
IGARSS'94 soccer game in Pasadena IGARSS'95 in Florence
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ings are IGARSS 2000 (Honolulu, Hawaii), IGARSS 2001opical workshops, and as Chapter officers. As we continue to
(Sydney, Australia), IGARSS 2002 (Toronto, Canadagxpand our geoscientific understanding and to develop even
IGARSS 2003 (Toulouse, France), IGARSS 2004 (Anehomore advanced remote sensing technigues, GRSS has an excit
age, Alaska), IGARSS 2005 (Seoul, Korea), and IGARSS8g bright future for growth in the new millenium.
2006 (Boulder, Colorado).
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Development of Microwave Emission Models of
Snowpacks

Christian Matzler, Andreas Wiesmann, Jouni Pulliainen and Martti Hallikainen

1. Passive Microwave Remote Sensing Different microwave signatures were observed for the pe
of Show rennial snow and firn on polar ice sheets (Gurvich et al., 1973;
Gloersenetal., 1974; Zhang et al., 1989; Rott, 1989; Rottet al.,
Discovering microwave signatures of 1993). The lowest emissivities are often observed at low micro
snowpacks and firn wave frequencies around 10 GHz. This property is a conse

Passive microwave signatures of seasonal snowpacks are \@aéince of the large depth of scattering layers coupled with the
known by their strong contrast between wet and dry snow, increase of grain size with increasing depth to which low-fre
the decreasing emissivity for dry snow with increasing frequency radiation can better penetrate, typically from 10 m at 10
quency (10 to 100 GHz range) and by their potential to giv@Hz to at most 1 m at 35 GHz (Rott 1989, Matzler 1987).
snow-volume information in the case of dry snow. Signatures

have been observed for over 30 years mainly by ground-bagsshrch for direct inversion algorithms and

studies (e.g. Kennedy and Sakomoto, 1966; Hofer andhy physical modeling is better

Schanda, 1978; Stiles and Ulaby, 1980; Ulaby and Stiles 19&8@ith variable success, different researchers developed algo
Matzler 1987, 1994; Wiesmann et al., 1998), but also from aiithms, based on spectral features, to retrieve the water
craft and indirectly also from satellite observations (e.g@quivalent of snowpacks from satellite radiometer data (e.g.
McFarland etal., 1987; Josberger etal., 1993). An early revidwallikainen and Jolma, 1986; Chang et al., 1987; Wang et
of the potential and limitations for remote sensing was-pull., 1992; Goodison and Walker, 1995; Tait and Armstrong,
lished by Bernier (1987). A recent study, covering frequencid®996; De Seve et al., 1997). Although high correlations were
up to 220 GHz (Tait et al., 1999) showed that volume-scatteébund using algorithms for snow depth under special condi
ing signatures of snowpacks continue throughout the miions, the usefulness of these empirical models was limited
wavelength range. to specific geographic regions and special snowpack histo
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ries (Rango et al., 1979; Foster et al., 1980; Kiinzi et athe scattering coefficient depend on frequency and snow
1982). Rott and Nagler (1995) showed that different snoproperties, a general model should account for realistic snow
types (wet snow, snow with crusts, dry snow) can well be derofiles of all sensitive parameters. A successful model might
lineated, but that a universal algorithm for snow watethen be used for the development of remote sensing tools for
equivalent does not exist. Matzler (1994) found from-supbserving processes on and within the snowpack. is Tempera
face-based experiments that snow structure and layeringtofe-gradient metamorphism, an important internal process,
dry snow can dominate the signal. Tait and Armstronguodifies heat and vapor transfer, is responsible for the release
(1996), being aware of special snowpack signatures, trieddbavalanches, and often takes place near the bottom of the
optimize snow-depth algorithms by excluding certain datnowpack. This process is based on large water-vapor-gradi
(types of snowpacks, special regions and weather condhts; it leads to the formation of cohesionless depth hoar
tions). These experiences tell us that a more physical g@rmstrong, 1977, 1985). Microwave emission of depth-hoar
proach, including all snow parameters, would be motayers is very distinctive due to the enhanced volume-seatter
adequate than empirical algorithms for single parameteisg by the large crystals (Weise, 1996a,b). On the other hand,
Valuable geophysical information can be gained throughsamowpack stratification has important implications for physi
physical analysis that yields diverse snow properties, noal processes, such as avalanche formation by weak layers
only the water equivalent. Parameters to be derived frofRohn et al. 1998; Fierz, 1998), reduced vertical diffusion of
show structure are the optical albedo and the diffusivity favater vapor and heat transfer, and percolation of liquid water in
mass and heat transfer within the snowpack. Furthermoretie case of wet snow (Arons and Colbeck, 1995, and references
a physical treatment it is possible to include the religherein). Snow layers also mark meteorological events in the
(Méatzler and Standley, 1999) and the background radiatidmistory of snowpacks, and therefore they contain information
Recent experiments showed that even the background radibeut past weather conditions. Specific microwave signatures
tion can be measured through dry, alpine snowpacks, amdated to stratification are expressed, for instance, by polariza-
that the data are useful for permafrost mapping by micrtien features of microwave emission, and sometimes by special
wave radiometry at frequencies near 10 GHz (Gubler asgectral properties. Since the earliest radiometric observations,
Hauck, 1998). interest has been paid to layering of polar ice sheets (Gurvich et
al. 1973; Rott et al. 1993; Surdyk and Fily, 1995; Steffen et al.
2. Modeling Efforts for Seasonal Snow '1999), andnlayer effects were a!so found in ;noyv—covered sea
ice (e.g. Matzler et al. 1984). Microwave emission of layered

and Ice Sheets media, such as firn, was computed in the past by several authors

In ord_er to under_stand the mfluenc_e of snovypack properties fié?g. Gurvich etal. 1973; Djermakoye and Kong 1979; West et
the microwave signal and to explain snow signatures, theore

linvestigations have b ‘ d usina both elect 4. 1996). Other models were related to volume scattering by
calinvestigations have been per f)rme using 0_ electrom granular firn structure (e.g. Zwally, 1977).
netic wave theory_(‘l’_sang, 1987; Stogryn, 1986; Surdyk an Driven by the need for realistic microwave emission models
Fily, 1995) and radiative transfer (e.g. Chang etal. 1976; Ts

: e . radiometry that combine both land and atmosphere and
and Kong, 197.7)' Sofarit h‘f"s been difficult to validate the Mhclude vegetation and snowpacks, ESA launched a study to com
sults of modeling efforts mainly because snow structure is dtﬂ

ficult to quantify. If it is described by grain size one need ne theoretical and experimental investigations in 1995. Two dif
Lo q 1y. LIS described Dy grain Siz€ one needg, o, snowpack emission models evolved from this initiative
realistic size distributions. Such distributions are often hyp

. ; X . ulliainen et al. 1998): A single-layer model, developed at the
thetical because of the required assumptions about grain sh RfSinki University of Technology, called the “HUT Model”, and

(e.g.Jin, 1995). An alt_ernative istousethe Born approximati(gﬁle Microwave Emission Model of Layered Snowpacks
or the Strong Fluctuation Theory (SFT) where the structure c EMLS), developed at the University of Bern. Whereas the first

be quantified by the correlation length, a guantity measura del is a semi-empirical, single-scattering model suitable for
from snow sections (e.g. Reber etal. 1987). The SFT mOdelrggid emission computation, the second one is a more sephisti

Stogryn (1986) was tested by Weise (1996a) in the impleme ted model suitable for simulations of all kinds of physical ef

tation of Surdyk (1992), using Weise’s own experimental datPF .
o . . Both )
The validation showed that the model is inaccurate, probab thS oth models are described below

because multiple scattering is ignored in SFT. Indeed, West et

al. (1993) showed, on the basis of the dense-medium radiatilee HUT Model

transfer theory applied to backscattering from snow, that mulfihe HUT Model describes the snowpack as a single homoge

ple scattering by snow grains is important. neous layer and uses an empirical formulation for the snew ex
The development of snowpack emission models is furthténction coefficient and an empirical forward scattering factor. It

complicated by the fact that snow profiles show strong verticassumes that the scattering is mostly concentrated in the forward

inhomogeneity. Since the penetration depth of microwaves agligection. The snow extinction coefficient is modeled as afunc
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tion of snow grain size and frequency (Hallikainen
et al. 1987), whereas the forward scattering factor
is approximated to be a constant coefficient. The
effects of forest canopy, soil surface roughness
and the atmosphere on the brightness temperature
are considered by using empirical/semi-empirical
formulas (Kurvonen and Hallikainen 1997,
Kruopis etal. 1999, Wegmdiller and Méatzler 1999,
Pulliainen et al. 1993). A schematic presentation
of the main emission contributions is shown in
Figure 1. The inclusion of vegetation and atmo
spheric emission contributions in modeling-en
ables the use of the HUT model for interpreting
space-borne radiometer observations. Compari
sons of the HUT emission model predictions with
independent experimental snowpack emission
data and space-borne SSM/I observations show
good general agreement (Pulliainen et al. 1999).

Figure 1: Schematic presentation of the main emission contributions included if\n €xample of a comparison with space-borne

the HUT snow emission model. The contributions are:

1: upward emitted atmospheric radiation

2: downward emitted reflected atmospheric contribution

3: downward emitted reflected forest canopy emission contribution
4: downward emitted reflected snowpack emission contribution

5: upward emitted soil emission contribution

6: upward emitted snowpack emission contribution

7: upward emitted forest canopy emission contribution.

280 280
_ r=0.85 = =070

g 260 c 280 r

5 s

£ 240 T 240

h=l T

o o

% 220 % & 220

3 3 ®
= 200 5 I = 200 5 O

180
180 200 220 240 260 280
SSM/I Derived Brightness Temperature, H-Pol. (K)

180
180 200 220 240 260 280
SSM/I Derived Brightness Temperature, V-Pol. (K)

280 280

r=085 r=0.74

n
D
(=]
n
D
o

n
&
o
N
e
o

n
Ny
(=]

Model Prediction (K}
[\
N
Q

Model Prediction (K}

N
(=]
=]
Ny
Q
(=)

180
180 200 220 240 260 280
SSM/ Derived Brightness Temperature, H-Pol. (K)

180
180 200 220 240 260 280
SSM/t Derived Brightness Temperature, V-Pol. (K)

Figure 2: Comparison of SSM/I observations with the HUT snow emission modﬁl
predictions. The observations and predictions for all SSM/I frequencies are co
bined. In-situ snow water equivalent, snow density, forest/land cover and air t
perature information are used as model input. Snow grain size is modeled as a

fixed value of 1.1 mm.

Top: Comparison using balloon sounding-based in-situ atmosphere profiles.

SSMI/I observations is shown in Figure 2. The
HUT snow emission model is simple, and there-
fore useful for direct retrievals of the water equiv-
alent in snowpacks that are not strongly stratified.
Care has to be taken at high frequencies (e.g. 90
GHz) where the penetration depth is often smaller
than the snow depth. The single-layer model will
then be unable to account for vertical gradients of
snowpack properties.

The Microwave Emission Model of
Layered Snowpacks (MEMLS)

MEMLS is based on radiative transfer, using a
correlation-function approach to quantify snow
structure, including multiple scattering both by
stratification and by snow grains, refraction and
radiation trapping by total internal reflection
and a combination of coherent and incoherent
superpositions of interface reflections
(Wiesmann and Matzler, 1999). The geometry
of the snowpack consisting af(n> 1) layers is
illustrated in Figure 3. This model was achieved
following detailed studies of single snow layers
by Weise (1996a,b) and Wiesmann et al.
(1998a). They found an empirical relationship
between the scattering coefficignt frequency

f and correlation lengtlpe. This relationship
was implemented in MEMLS; it is similar to
ayleigh scatteringys ~ f4pec3) with respect to

erﬂ;ne correlation length, i.e. proportionalmgcz'5.

The measured exponent of fis clearly below 4; it
isactually near 2.5. Alimitation of the empirical
fits for ysis in the applicable range of the ob

Bottom: Comparison using statistical atmosphere model (Pulliainen et al. 1993%erved frequencies (5 to 100 GHz), densities
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Figure 3: Geometry and parameters of thtayer snowpack as-

sumed in MEMLST} is the scene brightness (model output) ob-

served in direction, andTsky is the sky brightness.

(0.1t00.4 g/crﬁ) and correlationlengths (0.05t0 0.3 mm), i.e

the situations found in dry winter snow.
In order to extend MEMLS, especially to
coarse-grained snow, a physical model of volume

pends on the accuracy of these parameters, especially when
the involved medium is complex. Up to now ground-truth
measurements have been used to provide the input.-How
ever, some parameters are difficult to collect. An alternative
is to derive the snowpack data from physical snowcover
models. They describe the properties of the snow cover from
standard meteorological observations. These models have
been developed to predict the mechanical, thermal, and opti
cal snow properties for various applications, such as climate
modeling, avalanche forecasting, and hydrology. The-com
bination of such models with radiative—transfer models is a
necessary step in the problem of closure of surface effects in
numerical weather prediction and data assimilation. In-addi
tionthe combinationis needed in the validation of both types
of models. Furthermore, the detailed sets of required input
parameters needed for realistic radiative-transfer computa
tions can — in operational tasks — only be provided by such
combinations.

Several groups published recent research in this field: Shih
etal. (1997) published a model to calculate backscattering from
layered snowpacks, based on dense medium radiative transfer
in combination with SNTHERM, a snow physical model to be
explained below. Galantowicz and England (1997) presented a
passive microwave model in combination with a soil-vegeta-
tion-atmosphere scheme based on the physical snow model of
Anderson (1975). Wilson et al. (1999) combined a single-layer
dry-snow emission model with a hydrological snowpack
model derived from SNTHERM and applied it to an area in
Colorado. Wiesmann et al. (1998b) developed and tested inter-
faces to combine MEMLS with two different models, CRO-
CUS and SNTHERM. SNTHERM is a one-dimensional mass
and energy balance model, developed at the U.S. Army Cold

scattering was developed by Méatzler and
Wiesmann (1999), based on the improved Born ap
proximation (Méatzler, 1998). An exponential sp
tial autocorrelation function was selected and found
to be reasonable. With this addition, MEMLS-o
tained a complete physically-based model. The ex

tended model is devoid of free parameters. Model

validation included radiometric snow-samples pf
Wiesmann et al. (1998) on black-body and on metal

plates, as well as coarse-grained crusts growing and
decaying during melt-and-refreeze cycles. In all
cases studied so far, i.e. for correlation lengths up to
0.7 mm, the model showed good agreement with the
observations.

Combination of microwave and
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Figure 4: Variation of snow heiglitand snowpack emissivigy at 35 GHz,

A handicap of microwave emission models is th@értical polarization, during the snow season 1995/96 at the test site,
the number of input parameters is sometimesissfluhjoch-Davos. The emissivity was simulated by the combined use of
large. The overall quality of the simulations-deCROCUS and MEMLS from standard meteorological observations.
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Regions Research and Engineering Laboratory (CRREL) for »
predicting temperature profiles within the snow and frozen
soil. The model is formulated to describe snow cover over soil
with high vertical and temporal resolution. CROCUS is a
one-dimensional numerical energy and mass evolution model
of snowcovers developed Btétéo Francelts main objective

is operational avalanche forecasting. Both models use meteo*
rological data versus time as input. The output of both models
can be used almost directly as input in MEMLS. Only the dif
ferent descriptions of snow structure had to be adapted to the
correlation length used in MEMLS. An example of a combined
simulation at 35 GHz is shown in Figure 4. The strong
emissivity fluctuations found early and late in the snow season
are due to -melt-refreeze cycles. During the dry-snow phase an
inverse correlation of the emissivity with snow height can be
recognized in the long-term behavior; the short-term varia
tions, however, are uncorrelated. The results obtained so far
with both, CROCUS and SNTHERM, indicate reasonable
agreement between the combined model and the observations.
Discrepancies are observed in the polarization difference,
T,-Th, which is often underestimated. This is due to the fact
that the physical snowpack models cannot simulate the
crusts (SNTHERM) or that their density is underestimated
(CROCUS).

Outlook: Applications and further

improvements

The HUT Model can be used to model snowpack emission in-
cluding contributions from snow, soil, forest canopies and the
atmosphere. It has the potential to be applied for the retrieval of
information concerning snow water equivalent (SWE) for dry
snow, extent of dry snow cover, onset of snow melt, and infor
mation on snow grain size and density.

The investigations carried out to date show promising SWE
retrieval accuracies when the HUT model is directly applied to
SSM/I observations using a multi-parameter constrained itera :
tive inversion procedure. For example, the areal SWE of the
50,000 knf-sized River Kemijoki drainage area was estimated
with an overall RMSE of 24 mm for a single winter. The cerre
sponding coefficient of determinatiorf{was 0.92, where 30
reference observations were available for comparison. These
results were obtained under dry snow conditions (period from1 ,
Nov. 1993 to 31 March 1994) without using any training refer
ence data.

MEMLS is useful to investigate the influence of snow pa
rameters on the microwave signal and therefore isatoolto ana «
lyze microwave data of snow and to develop new snow
characterization algorithms. Itis also helpful for designing new
radiometer systems. Furthermore MEMLS can become a key
for new developments in snow physics. Some steps for future
work are outlined here:

22

To assess the sensitivity of MEMLS to special parameter
variations, weighting functions can be computed. The
weighting functions are defined boy; = de,/0x;;, wheresg,

is the emis- sivity at polarizatigmandx; is thei h physical
parameter of laygr

The assumption of an isotropic and exponential cotrela
tionfunctionis notvalid ingeneral, butsofar, ithas beena
reasonable simplification of snow structure. By including
the occasional snow-structure anisotropy (e.g. observed
in new snow deposited under calm- wind conditions; sur
face hoar, depth hoar) the model can be improved,-espe
cially in its polarization behavior at frequencies above 30
GHz.

e Multiple versus single layer: It has been argued that sin

gle-layer snow emission models are more practical and
thus more feasible than multi-layer models. This state
ment may be tested by simulations using MEMLS for dif
ferent values oh. MEMLS is adaptive with respect to
Nevertheless it should be pointed out that layering is in-
herent in many snowpacks exhibiting signatures revealed
by microwave radiometry.

A combination of SAFRAN/CROCUS (Durand et al.,
1993) with MEMLS makes it possible to simulate bright-
ness temperature maps. SAFRAN (Systeme d’Analyse
Fournissant des Renseignements Atmosphériques a la
Neige) is a sophisticated meteorological model, calculat-
ing the input variables for snow cover simulations in a
model topography over large areas (about 1006)km
Comparison of such maps with observed data makes it
possible to validate forecasts on a large scale. On a local
scale it may help to assess snowpack and background
properties.

Using past meteorological information, it is possible to
simulate the emissivity of past conditions, providing a
tool for reanalyzing historical satellite data. This applica

tion is needed for model validation, and furthermore
opens the way to climate studies using different observa
tional systems.

With accurate knowledge of the surface emissivity, it is
possible to determine atmospheric parameters from
space-based observations.

Due to the high sensitivity of microwave emission te in
ternal snow-structure parameters, MEMLS can help to
improve the snow physical models, especially the quanti
tative understanding of snow metamorphosis and layer
structure. As a feedback of such studies, MEMLS will
also be further improved.
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3 Recommended Microwave Emission Models for Snowpacks

Physical model: MEMLS

Described by Wiesmann and Métzler (1999), extended by Matzler and Wiesmann (1999), Wiesmann et al. (1998b).

Purpose of the model

MEMLS computes transmissivity t, emissivity e, and brightness temperature
T, at polarization p of a snow-covered surface under given illumination by Tsky.

Applications, constraints

Seasonal and perennial snowpacks of any thickness with defined stratigraphy.
Assimilation of T for NWP, avalanche forecasts, hydrology, climatology, simulation of T,
for sensitivity studies, as a source for construction of simple models and inversion
algorithms for snow parameters and ground temperature. Constraints to be assessed.

Model variables and ranges

Frequency range f. 5 to 100 GHz, incidence angle 6: 0 to 60°, polarization: linear h or v

Input parameters, including

applicable ranges, options for
selection and potential sources

Sky brightness temperature T, (unlimited), ground temperature T, ground-snow
interface reflectivity s, (0 to 1), for each of the n (=1) snow layers the following model
parameters: Correlation length p,_: 0 to 0.7 mm, temperature T: 100 to 273.15 K, snow
density p: 50 to 500 kg/m®, (possibly up to 900 kg/m®) volumetric liquid-water content s: 0
to about 0.15. Input parameters can be generated by physical snowpack models and
meteorological information (Wiesmann et al. 1998b).

Output parameters

Standard: upwelling brightness temperature T, above the surface
Optional: scene emissivity (0 to 1), snowpack transmissivity (0 to 1)

Expected errors

Validation performed for various snow conditions (Wiesmann et al. 1998a; Wiesmann and
Matzler, 1999; Matzler and Wiesmann, 1999)

Present estimate: for 7: < 10 K, for e, < 0.03 K

Accuracy requirements

Useful: for T: 10 K, for e, 0.03 K; further assessment needed
Adequate: for T 3K, for e,;: 0.01 K

Further developments

Weighting functions, w; = de /0x,, where X, is the i" physical parameter of layer j, can be
computed in order to assess the sensitivity of the model to special parameter variations.
Isotropic correlation functions other than exponential can easily be included. More work is
needed to account for anisotropic snow structure.

Presently the main uncertainty is due to errors in the input parameters. More accurate data
on snow structure and better standards are needed.

Semi-empirical model: HUT Model
Described by Pulliainen et al. (1999) and Pulliainen et al. (1998).

Purpose of the model

Computes brightness temperature and emissivity of snow-covered terrain, optionally
including the effect of sparse coniferous forest canopy (under winter conditions) and
atmosphere

Applications, constraints

Applicable for iterative inversion: snow water equivalent retrieval/monitoring in boreal

forest zone (tested and demonstrated). Assimilation in hydrological models to be compared.

Potential areas of application: hydrology, meteorology, climatology, hydropower
production, flood prediction. Constraints to be assessed.

Model variables and ranges

Frequency: 5 to 100 GHz, nadir angle 20° to 70° (restricted by the soil emission model),
polarization: linear h or v

Input parameters (including
applicable ranges, options for
selection and potential sources)

Sky brightness temperature (unlimited), ground temperature, snow temperature,
ground-snow interface reflectivity, effective snow grain size (up to 1.6 mm), snow density
(0.1-0.4 g/cm®). Optionally snow wetness (up to a few percentage units); calculation of
ground-snow reflectivity e.g. using the model by Wegmdtiller and Méatzler (1999); calculation
of atmospheric effects, e.g. using the statistical model by Pulliainen et al. 1993.

Output parameters

Brightness temperature and emissivity of snow-covered terrain (above the snow surface).
Optionally: airborne or spaceborne observed scene brightness temperature or emissivity
including the effect of forest canopy and atmosphere.

Expected errors, validation and
quality checks

Validation performed with measurements under experimentally controlled conditions and
SSM/I observations. Further error analysis to be done.

Accuracy ranges

To be assessed.

Scope of further development

Currently one empirical parameter (g) included. The behavior of g as function of frequency
and snow grain size to be modeled using theoretical approaches.
Development of operational snow parameter retrieval methods based on the HUT model.

IEEE Geoscience and Remote Sensing Society Newsletter = June 2000

23



Josberger, E.G., W.J. Campbell, P. Gloersen, A.T.C. Chang, and A. Rango,
References “Snow conditions and hydrology of the upper Colorado river basin from-satel
Anderson E.A., A point energy and mass balance model of a snow cover, PHif®. passive microwave observations”, Annals Glaciol., Vol. 17, pp. 322-326
thesis, Dep. of Civ. Eng., Comm. on Grad. Stud. of Stanford University (1975)1993).

Armstrong R.L., “Continuous monitoring of metamorphic changes of the-inteKennedy J.M. and R.T. Sakamoto, “Passive microwave determination of snow
nal snow structure as a tool in avalanche studies”, J. Glaciol., Vol. 19, ppetness factors”, Proc. 4th Internat. Symp. on Remote Sensing of Enaviron
325-334 (1977). ment, pp. 161-171, Ann Arbor, Michigan (1966).

Armstrong R.L., “Metamorphism in subfreezing, seasonal snow cover: the rolgfuopis, N., J. Praks, A.N. Arslan, H. Alasalmi, J. Koskinen, and M.
thermal and vapor pressure conditions”, PhD Thesis, University of Colorado, Felallikainen, “Passive microwave measurements of snow-covered forest areas
Graduate School, Dept. Geography (1985). in EMAC’95", Submitted for publication in IEEE Trans. Geosci. and Remote

Arons E.M and S.C. Colbeck, “Geometry of heat and mass transfer in d%(;nsmg (1998).
snow: a review of theory and experiment”, Reviews of Geophys. Vol. 33, pKiinzi K.F., S. Patil, H. Rott, Snowcover parameters retrieved from Nimbus-7

463-493 (1995). Scann[ng Multichannel Microwave Radiometer (SMMR) data, |IEEE Trans.
Bernier P.Y. “Microwave Remote Sensing of Snowpack Properties: Potential a%SOSC" Rem. Sens., GE-20, pp. 452-467 (1982).
Limitations”, Nordic Hydrology, Vol. 18, pp. 1-20 (1987). Kurvonen, L. and M. Hallikainen, “Influence of land-cover category on bright

. - s temperature of snow”, IEEE Trans. Geosci. Remote Sensing, vol. GE-35,
ChangA.T.C., P.Gloersen, T. Schmugge, Microwave emission from snow "367-377 (1997).

glacier ice, J. Glaciol., 16(1), pp. 23-39 (1976).
) . atzler C., R.O. Ramseier, and E. Svendsen, “Polarization effects in sea-ice
Chang A.T.C., J.L. Foster, D.K. Hall, Nimbus-7 SMMR derived global sno ignatures”, IEEE J. Oceanic Engin., Vol. OE-9, pp. 333-338 (1984).

cover parameters, Ann. Glaciol., 9, pp. 39 - 44 (1987). ° - ) ' ]
De Séve D., M. Bernier, J.-P. Fortin, A. Walker, Preliminary analysis ofsnOEriy/latzler C., “Applications of the Interaction of Microwaves with the Natural

microwave radiometry using the SSM/I passive-microwave data: the case Sew Cover’, Remote Sensing Reviews, Vol. 2, pp. 259-392 (1987).
La Grande River watershed (Quebec), Annals of Glaciology, 25, pp. 353-3Bthtzler C., Passive Microwave Signatures of Landscapes in Winter, Meteorol
(1997). ogy and Atmospheric Physics, Vol. 54, pp. 241 - 260 (1994).

Djermakoye B., and J.A. Kong, “Radiative-transfer theory for the remote seridétzler C., “Improved Born Approximation for scattering in a granular me
ing of layered random media”, J. Appl. Phys. Vol. 50, pp. 6600-6604 (1979). dium”, J. Appl. Phys., Vol. 83, No. 11, pp. 6111-6117 (1998).

Durand Y., E. Brun, L. Mérindol, G. Guyomarc’h, B. Lesaffre , E. Martin, AMatzler C. and A. Wiesmann: Extension of the Microwave Emission Model of
meteorological estimation of relevant parameters for snow models. Arrmyered Snowpacks to Coarse-Grained Snow, Remote Sensing of Environ-

Glaciol., 18, pp. 65-71, 1993. ment, Vol. 70, pp. 317-325 (1999).
Fierz C. “Field observations and modelling of weak-layer evolution”, Annal§létzler C. and A. Standley, “Relief effects for passive microwave remote sens-
Glaciol. 26, pp. 7-13 (1998). ing”, Research Report No. 98-3, Microwave Dept., Institute of Applied Physics,

Fohn P.M., C. Camponovo and G. Krusi, “Mechanical and structural propeLfJ—niVerSity of Bern, also Internat. J. of Remote Sensing in press (1999).
ties of weak snow layers measured in situ”, Annals Glaciol. Vol. 26, pp. 14dcFarland M.J., G.D. Wilke, and P.H. Harder, “Nimbus 7 SMMR investiga-
(1998). tion of snowpack properties in the Northern Great Plains for the Winter

Foster Foster J.L., A. Rango, D.K. Hall, A.T.C. Chang, L.J. Allison, B.C?'978'1979’ IEEE Trans. Geosci. Rem. Sens. Vol. GE-25, pp. 35-45 (1987).

Diesen, Snowpack monitoring in North America and Eurasia using passive midlliainen, J., J-P. Karna and M. Hallikainen, “Development of geophysical re-
crowave satellite data. Rem. Sens. Environ., 10, pp 285-298 (1980). trieval algorithms for the MIMR”, IEEE Trans. Geosci. Remote Sensing, Vol.

Galantowicz J.F., A.W. England: Seasonal snowpack radiobrightness interp%z'al’ Pp. 268-277 (1993).

tation using a SVAT-linked emission model, JGR, Vol. 102, No. D18, ppulliainen J., K. Tigerstedt, W. Huining, M. Hallikainen, C. Méatzler, A.
21,933 - 21,946, Sept. 27, 1997. Wiesmann, and C. Wegmidiller, “Retrieval of geophysical parameters with inte
Gloersen, P., T.T. Wilheit, A.T.C. Chang, W. Nordberg and W.J. Campbeﬂrated modeling of land surfaces and atmosphere (models/inversion algo

g : " thms)”, Final Report, ESA/ESTEC, Noordwijk, Netherlands, Contract No.
Microwave maps of the polar ice of the earth”, Bull. Amer. Meteo. Soc., V0|11706/95/NL/NB(SC), Oct. (1998).

55, pp. 1442-1448 (1974).

) ) Pulliainen J., Grandell J., Hallikainen M., “HUT snow emission model and its ap
Goodison B.E., A.E. Walker, Canadian development and use of snow cever, p ’ [ U i :
formation from passive microwave satellite data, in Passive Microwave 'ﬁé:%blshgltsci)nsncilv&vvg;er eqli':\,’/?:; riggeotréel\gé)lEEE Trans. Geoscience and Re
mote Sensing of Land-Atmosphere Interactions, Editor B.J. Choudhury, Y.H. 9, VOl 57. pp. '
Kerr, E.G. Njoku, P. Pampaloni, pp. 245-262, VSP, Utrecht, The NetherlanBsingo A., A.T.C. Chang, J.L. Foster, The utilization of spaceborne microwave
(1995). radiometers for monitoring snowpack properties, Nord. Hydrol., 10, pp 25-40

Gubler H., Hauck C., Preliminary Measurements of BTS Using a Microwa\;égw)‘
Radiometer, Permafrost and Climate in Europe (PACE), Project of the Eufeber B., C. Métzler, and E. Schanda, “Microwave Signatures of Snow Crusts:
pean Commission, ENV4-CT97-0492, WP 2, preprint (1998). Modelling and Measurements”, Internat. J. Remote Sensing, Vol. 8, pp.

Gurvich A.S., V.I. Kalinin, and D.T. Matveyev, “Influence of the internallmg'1665 (1987).
structure of glaciers and their thermal radio emission”, ATM. Oceanic PhyRott H. “Multispectral microwave signatures of the Antarctic Ice Sheet”, in P.
Vol. 12, pp. 713-717 (1973). Pampaloni (Ed.), “Microwave Radiometry and Remote Sensing Applications”,

Hallikainen, M.T. and P.A. Jolma, “Retrieval of the water equivalent of snoMSP’ Utrecht, the Netherlands, pp. 89-101 (1989).
cover in Finland by satellite microwave radiometry”, IEEE Trans. Geosci. ariRbott H., K. Sturm and H. Miller, “Active and passive microwave signatures of
Remote Sensing, Vol. GE-24, pp. 855-862 (1986). Antarctic firn by means of field measurements and satellite data”, Annals

Hallikainen, M., F. Ulaby and T. Deventer, “Extinction behaviorofdrysnowinGIaC'OI' Vol. 17, pp. 337-343 (1993).
the 18- to 90-GHz range,” IEEE Trans. Geosci. Remote Sensing, vol. GE-B&tt H., T. Nagler, Intercomparison of snow retrieval algorithms by means of
pp. 737-745 (1987). spaceborne microwave radiometry, in Passive Microwave Remote Sensing of

Hofer R., E. Schanda, Signatures of snow in the 5-94 GHz range. Radio s#;i?ﬁr',ﬁfgqn?sggezrig;%?c\t}%”; Eg'ég[f#hgmtﬂgﬂgngs'?lgge; G- Nk B

ence, 13, pp. 365-369 (1978).

. . - . - hih S.-E., K.-H. Ding, J.A. Kong, Y.E. Yang: Modeling of millimeter wave
Jin Y.Q. “Size parameters of snow grains in scattering and emission mode : :
in B.J.QChouth:er, Y H. Kerr, E.G. ?\ljoku, P Pampalgni, (eds.) “Passive M ackscatter of time-varying snowcover, PIER, Vol. 16, pp. 305 - 330 (1997).

crowave Remote Sensing of Land-Atmosphere Interactions”, pp. 245-2&2effen K., W. Abdalati and |. Sherjal, “Faceted crystal formation in the
VSP, Utrecht, The Netherlands, pp. 273-283 (1995). NE-Greenland low accumulation region”, J. Glaciol., Vol. 45, pp. 63-68 (1999).

24 IEEE Geoscience and Remote Sensing Society Newsletter = June 2000



Stiles W.H. and F.T. Ulaby, “The active and passive microwave responseieise T., Radiometric and structural measurements of snow, Ph.D. Thesis,
snow parameters, 1. wetness” J. Geophys. Res. Vol. 85, pp. 1037-1044 (198a%t. of Appl. Physics, University of Bern, Bern, Switzerland (1996a).

Stogryn, A., A study of the microwave brightness temperature of snow from thiéeise T, Radiometric data (11-94 GHz) and autocorrelation functions of dry
point of view of strong fluctuation theory, IEEE Trans. Geosci. Rem. Sensnow samples, IAP-Report 96-2, Inst. of Applied Physics, Univ. of Bern
GE-24, No. 2, pp 220-231, 1986. (1996b).

Surdyk S. “Etudes des signatures spectrales micro-ondes obtenues\Wast R., L. Tsang and D.P. Winebrenner, “Dense medium radiative transfer
télédétection sur la calotte polaire Antarctique”, Thése de doctorat de I'instithieory for two scattering layers with a Rayleigh distribution of particle sizes”,
national polytechnique de Grenoble (1992). IEEE Trans. Geosci. Remote Sensing, Vol. 31, pp. 426-436 (1993).

Surdyk S., M. Fily, Results of a stratified emissivity model based on the waVWgest R.D, D.P. Winebrenner, L. Tsang and H. Rott, “Microwave emission
approach: Application to the Antarctic Ice Sheet, J. Geophys. Res. Vol. 10@m density-stratified Antarctic firn at 6 cm wavelength”, J. Glaciol., Vol. 42,
pp. 8837-8848 (1995). pp. 63-76 (1996).

Tait A.B. and R.L. Armstrong, Validation of SMMR satellite-derived snowwWiesmann A. and C. Méatzler, Documentation for MEMLS 98.1, Microwave
depth with ground-based measurements", Internat. J. Remote Sensing, VolEkiiission Model of Layered Snowpacks, IAP-Report 98-2, Inst. of Applied
pp. 657-665 (1996). Physics, Univ. of Bern, Remote Sensing of Environment, in press (1999).

TaitA., D. Hall, J. Foster, A. Chang and A. Klein, “Detection of snow cover usWiesmann A. and C. Matzler, Microwave emission model of layered
ing millimeter-wave imaging radiometer (MIR) data”, Rem. Sens. Envirorsnowpacks, Rem. Sensing of Environment, Vol. 70, pp. 307-316, (1999).

ment, Vol. 68, pp. 53-60 (1999). Wiesmann A., C. Matzler, T. Weise: Radiometric and Structural Measure
Tsang L., J.A. Kong, Theory for thermal microwave emission from a boundedents of Snow Samples, Radio Science, Vol. 33, No. 2, pp. 273-289 (1998a).

medium containing spherical scatterers, J. Appl. Phys., 48(8), pp. 3593'3’51%?esmann A., C. Fierz and C. Matzler, Simulation of microwave emission

(1977). from physically modeled snowpacks, IAP-Report 98-8, Inst. of Applied Phys
Tsang L., Passive remote sensing of dense nontenuous media, J. ElectiosnUniv. of Bern (1998b). To be published in Annals of Glaciology, Vol. 31.

Waves Appl., 1(2), pp. 159-173 (1987). Wilson L.T., L. Tsang, J.N. Hwang, and C.T. Chen, “Mapping snow water
Ulaby F.T. and W.H. Stiles, “The active and passive microwave responsegquivalent by combining a spatially distributed snow hydrology model with
snow parameters, 2. The water equivalent of dry snow” J. Geophys. Res. \fiissive microwave remote-sensing data”, IEEE Trans. Geoscience and Re
85, pp. 1045-1049 (1980). mote Sensing, Vol. 37, pp. 690-704 (1999).

Wang J.R., A.T.C. Chang, A.K. Sharma, On the estimation of snow depth frathang H., L. Toudal Pedersen and P. Gudmandsen, “Microwave brightness
Microwave radiometric instruments, IEEE Trans. Geosci. Remote Sengmperatures of the Greenland Ice Sheet”, Adv. Space Res., Vol. 9, pp.

30(4), pp 785-792 (1992). (1)277-(1)287 (1989).
Wegmlller, U. and Métzler, C., “Rough bare soil reflectivity model”, IEEEZwally H.T. “Microwave emissivity and accumulation rate of polar firn”, J.
Trans. Geosci. Remote Sensing, Vol. 37, pp. 1391-1395 (1999). Glaciol., Vol. 18, pp. 195-215 (1977).

Eleven GRSS Members Elected to the Grade of
Fellow of the IEEE, effective January 1, 2000

Asrar, Ghassem R, NASA Headquarters, Washington, DC Griffiths, Hugh D., University College, London, UK
“For contributions to and leadership in complex, interdisciplin‘For contributions to Synthetic Aperture Radar (SAR),
ary remote sensing programs.” Interferometric SAR, and Sonar.”

Brown, Russell D, Air Force Research Laboratory, Rome, NYPei, Soo-ChangNational Taiwan University, Taipei
“For contributions to the theory and practice of Widebaned RéaFor contributions to the development of digital eigenfilter

dar Technology.” design, colorimage coding and signal compression, and to
Das, Yogadhish Defence Research Establishment Suffiel@!ectrical engineering education in Taiwan.”

Medicine Hat, Canada Sarabandi, Kamal, University of Michigan

“For contributions and leadership in electrical techniques-of I8Egr contributions to the modeling of radar remote sens
cation and identification of buried objects.” ing, and to establish the connections between the ineoher
Ermert, Helmut, Ruhr University, Bochum, Germany ent and coherent domains of radar polarimetry.”

“For contributions to coherent wave imaging and its applicachyler, Dale L, Naval Research Laboratory,
tion to medical diagnostics and nondestructive testing, and\fgashington, DC

engineering education.” “For contributions to the development of coherent
Farina, Alfonso, ALENIA Systems, Rome, Italy multi-frequency microwave sensor and polarimetric SAR
“For the development and application of adaptive signat préechniques for the remote sensing of geophysical parame
cessing methods for radar systems.” ters on both the ocean and the land.”

Freeman, Anthony, JPL, Pasadena, CA Sieber, Alois JosefISPRA, Italy

“For contributions to SAR data calibration and development éFor contributions to and leadership in microwave remote
SAR image products.” sensing.”
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SDRS: Software-Defined Radar Sensors

Werner Wiesbeck

Introduction be generated with FM, PM, or AM modulation as well as with

Recent advances in RF, microwave, digital and software tepding schemes such as pseudonoise (PN), CDMA, etc. Even
nology will allow the development of software-defined radgnulti-carrier waveforms are possible, all selected using only
sensors (SDRS) in the near future. The functionality ane s)gownloadable software. Spectrally efficient modulation and
tem parameters of radar sensors for remote sensing &pp&qwolutional codes are of special interest. The SDRS implemen
tions will no longer be implemented in hardware, butinstead fAtion makes sensor transmitters highly flexible and modular.
downloadable software. Software-defined SAR (SD-SAR) Kdsing an up-converter, the DDS frequency range can be-trans
especially suited for these developments. In this short articld@sed to any frequency band used by SAR for remote sensing.
will outline the envisioned functionality, structure and featurehe limiting components will be the medium power amplifier and

of software-defined radar sensors. The vision is not new: Cdfie antenna elements. Using wideband components (antennas,
nect the antenna output to an A/D converter and process tRers, amplifiers, etc.), a wide variety of spectral transmit
signals digitally. This vision may now become possible and efodes, e.g. narrowband, wideband, and multicarrier, are possible.
tend far beyond what was previously imagined. Synthetic-apdf the same manner single-beam, wide-beam, spot-beam, and
ture radar is an especially appropriate candidate to explain dntlti-beam are possible. Because of modularity, transmitters of

demonstrate the future. different sizes as well as with a different number of elements can
easily be configured. Baseband signals, control and power supply
The Transmit Su bsystem lines are the only connections to each module. Conformal

Let's start with the transmit subsystem. Currently transmit suchemes and adaptation to satellites, aircraft and other platforms
systems are mainly implemented using one of the followirj€ more readily realizable.

principles:
« Pulsed-FM synthesizer - high power amplifier - reflectof h€ Receive Subsystem
antenna The receivers of software defined radar sensors have similar
« Pulsed-FM synthesizer - high power amplifier - bearfionfigurations and structures to that of the transmitters. The
forming network - fixed array same antenna may be used by both. The configuration of a
« Pulsed-FM synthesizer - feed network - transmit/receivdngle channel is rather simple:
modules - radiating elements * Antenna - filter - low noise amplifier - downconverter -

The first two of these alternatives are completely inflexible. ~ A/D converter
They seldom allow transmit frequency agility and changes in  (A/D = Analog/Digital)
the radiated beam. Transmit/receive (T/R) modules are typi The entire antenna consists of an array of these channels. The
cally associated with the use of phased arrays, spot beams a@ahe flexibility that applies to the transmit elements also applies
distributed power generation. Several feed or beam-formitgthe receive. Amplitude, phase and, to a limited extent; cou
networks are required. Spot beams inherently imply loss plfing can be corrected during processing. The restrictions that
coverage, and the overall power efficiency is quite low. Thasually apply to phased arrays will be relaxed, because the co
antenna systems have large space and weight requirememsence and phase relationships will be established during
and necessitate large-area solar panels for power generatfmst-processing and calibration. These receive systems will
Nevertheless, SAR-systems with T/R modules are the béstve a lower noise figure than standard phased array receivers,
available with the present technology and will continue to Heecause the phase shifters have been eliminated. The necessity
launched during the next few years. of a down-converter is determined by the available A/D-con

The vision of the future is that radar and synthetic apertuverter. The digital output of each receiver channel is directly fed
transmitters will be implemented as arrays of modules, eatthdedicated processors. The processing modes are adapted to

one composed of: the transmit modes by downloadable software and can be-modi
« DDS - up-converter - medium power amplifier - antennfied with changes in the sensor/target positions, the required
(DDS = direct digital synthesizer) specifications in resolution, and the depth of processing. Radar

DDSs are now available on the market with frequencies up&ngineers can learn a great deal from their communications col
almost 1 GHz, sufficiently high for most applications. They caleagues who realize similar concepts for software-defined radios
generate nearly any arbitrary waveform and provide full versat{iSDR). In the future, the processing needs for communications
ity in amplitude, phase, and spectrum. Complex waveforms care comparable to remote sensing or even higher.
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SDRS and SD-SAR System Aspects The future of radar remote sensing hardware will be-digi
Because the entire functionality of this new type of softal. Several key digital projects in the past have been suc
ware-defined radar sensors can be downloaded, their operagegsful. The functionality of software defined sensors will
modes may be multifunctional, selective, active, passive aé downloaded or stored according to the actual require
corrective. In addition to their typical radar function, they magnents. Because of their modular structure, these systems
operate as radiometers, for communication or even as el@gll be more readily available, with shorter production times
tronic warfare transmitters. Several components and subsgsd far lower prices. Software-defined radar sensors will
tems of these envisioned software-defined radar sensors @@&ke microwave remote sensing more affordable in the fu
already under development. Prices and power consumption &te. The functionality may even be user-implemented. One
still high, but, like those of most digital hardware, they willshould not be afraid of this dramatic yet expected change in
plummet. Appropriate antennas with excellent features, wi@lr research field in the future. There will be still the need
bandwidths, dual polarization and low loss are under develd@r scientists, RF, microwave, digital and software engi
ment. Digital beam-forming on receive only is one of the topeers. Also required will be antennas, microwave semicon
R&D areas for the third and fourth generations of mobile eongluctors, digital hardware and software, and last but not least,
munications. Similarly, multifunctional software-defined raplatform development.

dios (SDR), fulfilling the processing needs of different mobile | would like to encourage you to document your contribu
communications standards and services, are under develdpns to the future of remote sensing in our GRSS Transactions
ment at many places worldwide. SDRS and SD-SAR wiltbend the IGARSS Conferences. ATGARS Special Issue may be
efit from them. an appropriate forum for these developments.

The First International
MC a Microwave Radiometer

2000 Calibration Workshop

Announcement and First Call for Abstracts

SPONSORS

IEEE Geoscience and Remote
Sensing Society and the
National Aeronautics and
Space Administration

October 30 & 31, 2000

University of Maryland Inn and Conference Center

Workshop Objectives
 To gather an international group of scientists and engineers from industry, government, and
academia whose primary interests include microwave radiometer calibration

7/ PoeTo provide a forum for the dissemination and discussion of the state-of-the-art in radiometer
NS calibration methodologies and technologies
+ = To identify future calibration requirements to serve as a guide for the research efforts of the
: microwave radiometer calibration community.
:  Format and suggested topics
«  calibration requirements and error budget analysis « calibration (and associated design) of
SCHEDULE . 1 ; ;
i . : e standard terminology and techniques — polarimeters
First Announcement — April 15 . e A S
d . + = applications demanding improved calibration — real aperture systems
Second Announcement —IGARSS 00+ o calipration reference design and analysis — interferometers
Abstracts Due — August 29 : - calibration facilities — spaceborne sensors
Notification of Speakers — September 12 ¢« calibration and validation of spaceborne sensors — airborne sensors
Workshop Dates — October 30 & 31 *  using airborne sensors — ground-based sensors

For up-to-date information on abstract submissions and registration, see: http://mitb.gsfc.nasa.gov/ucal/
or send email to microcal@jazzman.gsfc.nasa.gov
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Organization of the GRS-S Administrative Committee

Large organizations like the IEEE with over 300,000 membetstion there are presently no less than twelve and no more than fif
and involving numerous entities such as Major Boards, IEEEen AdCom members elected by the GRS-S Membership, as
Staff, Regions, Sections, Chapters, Societies, Councils; Caevell as the Director of Finance and the GRS Transactions Editor.
ferences, Committees, etc., are difficult to comprehend at fisstlditionally, there are one or two Past Presidents and other Ex
glance. On the other hand, the organization of the Administr@fficio members without vote. The AdCom has numerous duties,
tive Committee of the relatively small IEEE Geoscience and addition to our IGARSS and Transactions. Specific tasks are
Remote Sensing Society is easier to understand. assigned to each AdCom member. The major tasks or groups of
In the following | will attempt to explain how the Administra activities are the responsibility of the Vice Presidents, as shownin
tive Committee (AdCom) is organized. According to our Coenstthe diagram below. The Executive Committee consists of the four
Vice Presidents, along with the
Executive Vice President, the Sec
retary and the President. The-Ex
ecutive Committee acts on behalf
of the AdCom between its meet
ings. The GRS-S AdCom typi
cally meets three times a year, in
mid-February, at IGARSS during
the summer and again in mid-No-
vember. The term of an AdCom
member is normally three years.
New members usually are respon-

IEEE Geoscience and Remote Sensing Society
Administrative Committee Organization 2000

Executive Committee President

Werner Wiesbeck

- Intersociety Contacts
- International Liaison
- JOBRESA

Executive
Vice-President
Charles Luther

Secretary

Thomas Jackson

- Act as President - Minutes . .
- Bylaws R. Narayanan - Files & Records sible for one or two duties. As they
- Constitution R. Narayanan - JOBRESA become more familiar with the

- Strategic Planning R. Narayanan

- History Commit. R. Narayanan overall AdCom functions, they

may become Vice President after
nomination by the President and
election by the AdCom. The Exec-
utive Vice President and the Presi
dent are elected for one year terms

Vice-President

Vice-President

Vice-President

Vice-President

and are usually re-elected for a

Prof. Activities Operations Meetings&Symp. Tech. Committees d
. . . B ) second year.
Melba Crawford James Gatlin Karen St. Germain Albin Gasiewski . .
If you look at the organization
diagram again and find one or
- Newsletter S. Reising | - Nominations - IGARSS - USAB Liaison more activities that matches your
- Chapters M. Crawford M. Hallikainen || - Conference Coord. - Aerosp. R&D Commit. .
- Dist. Lecturer Commit. - Publicity D. Weissman| - Specialty Sympt_)sia - IEEE Metric Policy mterests, you may cont:_;u:t any
M. Crawford - Public Relations J. Benediktsson - IEEE Stapdards member of the AdCom dlrectly.
- Awards  K.Sarabandi D. Weissman - Data Fusion
- Membership A. Moreira | - \WEB Sites: Gasiewski - Instumentation and The complete addresses are
- Fellow Search Commit. - Publications: Future Technologies given on p 5 of each GRS-S
K. Tomiyasu Transactioﬁs GRS - Standards and Data . X X
- Fellow Evaluation L Tsang Distribution Newsletter. The Society relies on
Commit. A. Blanchard ' - IEEE Sensor Council ; .
At 3. Reagan A Blanchard, its members to be active. _If you
- NA. G$sie'¥vslii are interested in contributing to
Director Director Direcions Comitse” the AdCom, you may approach
of Finance of Education P. Racette one of the AdCom Members.
J Gatli Vi Singh L . .
ames mamn ernon >inghroy The Nominations Committee is
- Budget - Travel Scholarships pre S € _ntly led b y ) Ma rtlt I
- Accounts - Student Paper Contest Hallikainen, who submits a list
- Investment K. Sarabandi . .
- Loans - Education Committee of candidates for election. If you

- Educational Material
- EAB Outreach Comt.
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have any further or detailed
qguestions | refer you to our
GRS-S Constitution and Bylaws.
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IGARSS Camera Ready
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Upcoming Conferences

(continued from page 32)

Name: Joint Multi-sensor Mine Signature Name: 2000 International Conference on
Measurement Campaign Microwave and Millimeter Wave
Dates: Starts August 2000 Technology
Contact:  Patrick Verlinde Dates: Sep. 14-16, 2000
Royal Military Academy Location:  Beijing, China
ELTE Department Contact:  Professor Fang Min
Renaissancelaan 30 Chinese Inst. of Electronics
1000 Brussels P.O. Box 165
Belgium Beijing 100036, China
Tel.: +32 (2) 737.66.29 Tel: (86)-10-68283463
Fax: +32 (2) 737.66.22 Fax: (86)-10-68283458
Email: verlinde@elec.rma.ac.be Email: shaz@sun.ihep.ac.cn
URL: http://demining.jrc.it/multi-sensor/index.htm URL: http://www.cie-china.org/Zicmmt2000.htm
Name: 2000 International Symposium on Name: 2000 II_EEE Confer_ence on Electrical
Antennas and Propagation - ISAP 2000 Insulation and Dielectric Phenomena
Dates: August 22-25, 2000 Dates: October 15-18, 2000
Location:  Fukuoka, Japan Location: VicForia, Bri.t.ish Columbia, CANADA
Contact:  Dr. Toshio lhara Contact: ~ Soli S. Bamji .
Chairperson of ISAP2000 Publicity Committee National Research Council of Canada
588-2 Iwaoka, Nishiku 1500 Montreal Road
Kobe, 651-2401, Japan Ottawa, ON K1A OR6 CANADA
Tel.: +81.78.969-2115 Tel: 613-990-4021
Fax: +81.78-969-2119 Fax: 613-952-9366
Email: isap@karc.crl.go.jp EMail: soli.bamji@nrc.ca _ .
URL: http://www.eeel.nist.gov/ceidp
Name:  FLINS’2000, Session on Intelligent Name:  MicroCal 2000: The First International
Techniques in Satellite Image Processing Microwave Radiometer Calibration
Dates: 28-30 August 2000 Workshop
Location:  Bruges, Belgium Dates:  October 30-31, 2000
Contact: ~ Mike Nachtegael (Session Organiser) Location:  University of Maryland Inn and Conference Center
Department of Applied Mathematics & Contact:  Paul E. Racette
Computer Science NASA Goddard Space Flight Center
Fuzziness and Uncertainty Modelling Microwave Instrument Technology Branch,
Research Unit Code 555
Krijgslaan 281 (S9), Building 19, Room N15
B-9000 Gent, Belgium Greenbelt, MD 20771
Phone: +32 (0)9 264 47 65 Tel: (301) 286-4756
Fax: +32 (0)9 264 49 95 Fax: (301) 286-1750
Email: mike.nachtegael@rug.ac.be Email: microcal@jazzman.gsfc.nasa.gov
URL: http://allserv.rug.ac.be/~mnachteg/flins2000 URL: http://mitb.gsfc.nasa.gov/ucal/
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UPCOMING CONFERENCES

Name: PIERS 2000, Progress in Electromagnetics
Research Symposium

Dates: 5-14 July 2000

Location: Cambridge, MA USA

Contact:  Hsiu C. Han
MIT Room 26-305
Cambridge, MA 02139 USA

TEL: +1-617-253-5784

EMail: han@mit.edu

URL: http://www.piers.org

Name: 2000 IEEE International Symposium on
Antennas and Propagation

Dates: July 16-21, 2000

Location: Doubletree Hotel, Salt Lake City, UT USA

Contact:  Michael A. Jensen
Dept. of ECE, 459 Clyde Bldg.
Brigham Young University
Provo, UT 84602-4099

EMail: tpc2000@ee.byu.edu

URL: http://www.caeme.elen.utah.edu/aps2000

Name: SCI’2000, 4th World Multiconference
on Systemics, Cybernetics and
Informatics

Dates: 23-26 July 2000

Location:  Sheraton World; Orlando, FL USA

Contact:  Prof. Nagib Callaos (General Chair)

Fax: 407-856-6274

EMail: nacallao@telcel.net.ve

URL: http://www.iiis.org/isas/

Name: ISAF 2000, 12th IEEE International
Symposium on the Applications of
Ferroelectronics

Dates: 30 July - 2 August 2000

Location: Hilton Hawaiian Village; Honolulu, HI USA

Contact:  Angus Kingon (General Chair)

URL: http://www2 .ncsu.edu/unity/lockers.profect/
isaf 2000/

Name: International Symposium on Optical
Science and Technology

Dates: 30 July - 4 August 2000

Location: San Diego Convention Center

Chairman: Warren J, Smith
Kaiser Electro-Optics Inc.

Contact:  SPIE,

PO Box 10
Bellingham, WA 98227-0010

TEL: (360) 676-3290

Email: annualmeeting@spie.org

URL: http://www.spie.org/info/annualmeeting

Name: 2000 5th International Symposium on
Antennas, Propagation and EMTheory -
ISAPE 2000

Dates: August 15-18, 2000

Location: Beijing, China

Contact: ~ Mr. Meng-Qi Zhou
P.O. Box 165
Beijing 100036, China

Tel: (86)-10-6828-3463

Fax: (86)-10-6828-3458

Email: mqgzhou@public.bta.net.cn

URL: http://www.cie-china.org/isape-2000.htm

continued on page 30
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