PROCEEDINGS OF SPIE

Remote Sensing of Clouds and the
Atmosphere XVIII; and Optics in
Atmospheric Propagation and
Adaptive Systems XVI

Adolfo Comeron
Evgueni l. Kassianov
Klaus Schafer

Karin Stein

John D. Gonglewski
Editors

23-26 September 2013
Dresden, Germany

Sponsored by
SPIE

Cooperating Organisations

European Association of Remote Sensing Companies (Belgium)

Remote Sensing and Photogrammetry Society (United Kingdom)

Deutsche Gesellschaft fur Photogrammetrie, Fernerkundung und Geoinformation e.V.
(Germany)

European Optical Society

Published by
SPIE

Volume 8890

Proceedings of SPIE 0277-786X, V. 8890

SPIE is an international society advancing an interdisciplinary approach to the science and application of light.

Remote Sensing of Clouds and the Atmosphere XVIII; and Optics in Atmospheric Propagation
and Adaptive Systems XVI, edited by Adolfo Comeron, et. al., Proc. of SPIE Vol. 8890, 889001
© 2013 SPIE - CCC code: 0277-786X/13/$18 - doi: 10.1117/12.2049715

Proc. of SPIE Vol. 8890 889001-1



The papers included in this volume were part of the technical conference cited on the cover and
fitle page. Papers were selected and subject to review by the editors and conference program
committee. Some conference presentations may not be available for publication. The papers
published in these proceedings reflect the work and thoughts of the authors and are published
herein as submitted. The publisher is not responsible for the validity of the information or for any
outcomes resulting from reliance thereon.

Please use the following format fo cite material from this book:

Author(s), '"Title of Paper," in Remote Sensing of Clouds and the Atmosphere XVIll; and Optics
in Atmospheric Propagation and Adaptive Systems XVI, edited by Adolfo Comeron et. al.,
Proceedings of SPIE Vol. 8890 (SPIE, Belingham, WA, 2013) Article CID Number.

ISSN: 0277-786X
ISBN: 9780819497598

Published by

SPIE

P.O. Box 10, Bellingham, Washington 98227-0010 USA
Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2013, Society of Photo-Optical Instrumentation Engineers.

Copying of material in this book for internal or personal use, or for the internal or personal use of
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this
volume is $18.00 per arficle (or portion thereof), which should be paid directly to the Copyright
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made
electronically through CCC Online at copyright.com. Other copying for republication, resale,
advertising or promotion, or any form of systematic or multiple reproduction of any material in this
book is prohibited except with permission in writing from the publisher. The CCC fee code is
0277-786X/13/$18.00.

Printfed in the United States of America.

Publication of record for individual papers is online in the SPIE Digital Library.

SPIE &
Digital Liorary

SPIEDigitalLibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model, with papers published
first online and then in print and on CD-ROM. Papers are published as they are submitted and
meet publication criteria. A unique, consistent, permanent citation identifier (CID) number is
assigned to each arficle at the time of the first publication. Utilization of CIDs allows arficles to be
fully citable as soon as they are published online, and connects the same identifier to all online,
print, and electronic versions of the publication. SPIE uses a six-digit CID article numbering system
in which:
= The first four digits correspond fo the SPIE volume number.
= The last two digits indicate publication order within the volume using a Base 36 numbering
system employing both numerals and letters. These two-number sefts start with 00, 01, 02, 03,
04, 05, 06, 07, 08, 09, OA, OB ... 0Z, followed by 10-1Z, 20-2Z, etc.
The CID number appears on each page of the manuscript. The complete citation is used on the
first page, and an abbreviated version on subsequent pages. Numbers in the index correspond to
the last two digits of the six-digit CID number.

Proc. of SPIE Vol. 8890 889001-2



Xiii

PART A

SESSION 1

Contents

Conference Committee
Infroduction to Part A: Remote Sensing of Clouds and the Atmosphere XVIII

Remote Sensing of Clouds and the Atmosphere XVIl

LIDAR, RADAR, AND PASSIVE ATMOSPHERIC MEASUREMENTS

8890 02

8890 03

8890 05

8890 06

8890 07

8890 08

LACROS: the Leipzig Aerosol and Cloud Remote Observations System (Invited Paper)
[8890-1]

J. BUhI, P. Seifert, U. Wandinger, H. Baars, T. Kanitz, J. Schmidt, A. Myagkov, R. Engelmann,
A. Skupin, B. Heese, A. Klepel, D. Althausen, A. Ansmann, Leibniz Institut fOr
Troposphdrenforschung (Germany)

Tropospheric IWV profiles estimation through multifrequency signal attenuation
measurements between two counter-rotating LEO satellites: performance analysis [8870-2]
L. Facheris, F. Cuccoli, Univ. degli Studi di Firenze (Italy); E. Martini, Univ. degli Studi di Siena

(Italy)

Monitoring of nitrogen dioxide, ozone and halogens radicals in Antarctica [8890-5]

D. Bortoli, Univ. de Evora (Portugal) and Istituto di Scienze dell Atmosfera e del Clima, CNR
(Italy); F. Ravegnani, Istituto di Scienze dell'Atmosfera e del Clima, CNR (Ifaly); M. J. Costa,
Univ. de Evora (Portugal); S. Genco, Istituto di Scienze delll Atmosfera e del Clima, CNR

(Italy); P. K. Kulkarni, R. Mendes, A. F. Domingues, Univ. de Evora (Portugal); M. Anton, Univ.

de Extremadura (Spain); G. Giovanelli, Istituto di Scienze del’Atmosfera e del Clima, CNR
(Italy); A. M. Silva, Univ. de Evora (Portugal)

Remote sensing monitoring of the global ozonosphere [8890-6]

S. Genco, Istituto di Scienze delllAtmosfera e del Clima, CNR (Italy); D. Bortoli, Istituto di
Scienze dell Atmosfera e del Clima, CNR (Italy) and Univ. de Evora (Portugal);

F. Ravegnani, Istituto di Scienze dell'Atmosfera e del Clima, CNR (Italy)

Spectral reference data of molecules relevant to Earth's atmosphere: impact of European
metrology research on atmospheric remote sensing [8870-7]

O. Werhahn, A. Pogdny, J. Nwaboh, V. Werwein, V. Ebert, Physikalisch-Technische
Bundesanstalt (Germany)

Retrievals of atmospheric CO2, CH4 and optical path modifications from the GOSAT
observations [8890-8]

A. Bril, S. Oshchepkov, T. Yokota, Y. Yoshida, I. Morino, O. Uchino, National Institute for
Environmental Studies (Japan); D. Belikov, National Institute for Environmental Studies
(Japan) and National Institute of Polar Research (Japan); S. Maksyutov, National Institute
for Environmental Studies (Japan)

Proc. of SPIE Vol. 8890 889001-3



SESSION 2 ATMOSPHERIC PROFILING OF AEROSOL, TRACE GASES, AND METEOROLOGICAL PARAMETERS
OF REMOTE SENSING

8890 09 Long-term study of air urban quality together with mixing layer height [8870-9]
K. Schéfer, Karlsruher Institut fUr Technologie (Germany); H. Ling, Karlsruher Institut fOr
Technologie (Germany) and Institute of Atmospheric Physics (China); C. MUnkel, Vaisala
GmbH (Germany); S. Emeis, Karlsruher Institut fOr Technologie (Germany)

8890 0B Investigation of boundary layer dynamics, dust and volcanic ash clouds with laser
ceilometer [8890-11]
C. MUnkel, Vaisala GmbH (Germany); K. Schéfer, S. Emeis, Karlsruher Institut fUr Technologie
(Germany)

8890 0C A static birefringent interferometer for the measurement of upper atmospheric winds
[8890-12]
J. A. Langille, W. E. Ward, Univ. of New Brunswick (Canada); W. A. Gaulf, D-B Reflections
Associates (Canada); A. Scott, COM DEV Canada (Canada); D. Touahri, JDSU (Canadal);
A. Bell, Consultant (Canada)

8890 0D Capability and limitations in measuring atmospheric nitrogen dioxide column amounts by
means of the MKIV Brewer spectrophotometers [8890-13]
H. Diémoz, Agenzia Regionale per la Protezione dell Ambiente della Valle d'Aosta (Italy)
and Univ. degli Studi di Roma La Sapienza (ltaly); V. Savastiouk, International Ozone
Services Inc. (Canada); A. M. Siani, Univ. degli Studi di Roma La Sapienza (Italy)

8890 OE Optimum interpolation algorithms for ABI multiple channel radiance down-scaling
processing [8890-14]
H. Sun, I. M. Systems Group, Inc. (United States); W. Wolf, NOAA/NESDIS/STAR (United
States); T. King, I. M. Systems Group, Inc. (United States); E. Maddy, Science and
Technology Corp. (United States); S. Sampson, I. M. Systems Group, Inc. (United Stafes)

8890 OF GOMOS one-step retrieval algorithm [8890-15]
J. Hakkarainen, Finnish Meteorological Institute (Finland) and Lappeenranta Univ. of
Technology (Finland); M. Laine, J. Tamminen, Finnish Meteorological Institute (Finland)

8890 0G Use of satellite data for air quality applications in northern China [8890-16]
S. Schrader, Karlsruher Institut for Technologie (Germany); I. N. Sokolik, Georgia Institute of
Technology (United States); B. Vogel, H. Vogel, P. Suppan, K. Schéfer, S. Norra, Karlsruher
Institut fOr Technologie (Germany)

8890 OH The principle of fragmentary specirum registration for acousto-optical spectrometers
based on differential optical absorption speciroscopy [8890-17]
A. V. Fadeyev, V. E. Pozhar, V. |. Pustovoit, Scientific and Technological Ctr. for Unique
Instrumentation (Russian Federation)

Proc. of SPIE Vol. 8890 889001-4



SESSION 3

RADIATIVE TRANSFER |

8890 Ol

8890 0J

8890 0K

8890 OL

8890 00

SESSION 4

Contemplating synergistic algorithms for the NASA ACE Mission (Invited Paper) [8890-18]
G. G. Mace, The Univ. of Utah (United States); D. O. Starr, NASA Goddard Space Flight Ctr.
(United States); R. Marchand, Univ. of Washington (United States); S. A. Ackerman, Univ. of
Wisconsin-Madison (United States); S. E. Platnick, NASA Goddard Space Flight Ctr. (United
States); A. Fridlind, NASA Goddard Institute for Space Studies (United States); S. Cooper,
The Univ. of Utah (United States); D. G. Vane, G. L. Stephens, Jet Propulsion Lab. (United
States)

Avutomated cloud classification using a ground based infra-red camera and texture
analysis techniques [8890-19]

E. Rumi, Campbell Scientific Ltd. (United Kingdom); D. Kerr, J. M. Coupland, Loughborough
Univ. (United Kingdom); A. P. Sandford, M. J. Brettle, Campbell Scientific Ltd. (United
Kingdom)

Remote sensing of water clouds temperature with an IR camera on board the ISS in the
frame of JEM-EUSO Mission [8890-20]

S. Briz, A. J. de Castro, I. Ferndndez-Gémez, |. Rodriguez, F. Lopez, Univ. Carlos Il de Madrid
(Spain)

Estimation of a radiative transfer model in the longwave spectral range: sensitivity study
and application to real cases [8890-22]

M. Sicard, S. Bertolin, Univ. Politécnica de Catalunya (Spain); M. Mallet, Lab. d' Aérologie,
CNRS, Univ. de Toulouse (France); P. Dubuisson, Lab. d'Optique Atmosphérique, Univ. de
Lile 1 (France); A. Comerdn, Univ. Politecnica de Catalunya (Spain)

Temporal variability of aerosol properties during TCAP: impact on radiative forcing
[8890-25]

E. Kassianov, J. Barnard, M. Pekour, L. K. Berg, J. Fast, Pacific Northwest National Lab.
(United States); J. Michalsky, National Oceanic and Atmospheric Administration (United
States); K. Lantz, G. Hodges, Cooperative Institute for Research in Environment Sciences,
Univ. of Colorado (United States)

RADIATIVE TRANSFER Il

8890 OP

8890 0Q

Application of MAIAC high spatial resolution aerosol retrievals over Po Valley (ltaly)
[8890-26]

B. Arvani, Univ. degli Studi di Modena e Reggio Emilia (Italy) and Cooperative Institute for
Metorological Satellite Studies (United States); R. B. Pierce, NOAA / NESDIS Office of
Satellite Operations (United States); A. I. Lyapustin, NASA Goddard Space Flight Cir.
(United States); Y. Wang, Univ. of Maryland Balitmore County (United States); S. Teggi,

G. Ghermandi, Univ. degli Studi di Modena e Reggio Emilia (Italy)

Ground-based high resolution Fourier transform spectrometer and its application in Beijing

[8890-27]
D. Fan, DFH Satellite Co., Ltd. (China)

Proc. of SPIE Vol. 8890 889001-5



vi

8890 OR

8890 0S

8890 0T

8890 0U

8890 OV

Retrieval of water cloud top and bottom heights and the validation with ground-based
observations [8890-28]

M. Kuji, Nara Women's Univ. (Japan)

Analytical model and speciral correction of vibration effects on Fourier transform
spectrometer [8890-29]

I. Shatalina, Politecnico di Milano (Italy); F. Schmidt, Lab. IDES, UMR 8148, Univ. Paris-Sud 11
(France); B. Saggin, Politecnico di Milano (Italy); N. Gac, M. Kowalski, L2S, SUPELEC, CNRS,
Univ. Paris-Sud 11 (France); M. Giuranna, Istituto di Fisica dello Spazio Interplanetario (Italy)

MicroMIMA FTS: design of spectrometer for Mars atmosphere investigation [8890-30]
I. Shataling, B. Saggin, D. Scaccabarozzi, R. Panzeri, Politecnico di Milano (Italy);
G. Bellucci, INAF - Istituto di Astrofisica e Planetologia Spaziali (Italy)

Assessing satellite based PM2.5 estimates against CMAQ model forecasts [8890-31]
L. Cordero, N. Malakar, Y. Wu, B. Gross, F. Moshary, The City College of New York (United
States); M. Ku, New York State Dept. of Environmental Conservation (United States)

Uncertainty quantification in aerosol optical thickness retrieval from Ozone Monitoring
Instrument (OMI) measurements [8890-32]

A. Maattd, Finnish Meteorological Institute (Finland) and Univ. of Helsinki (Finland); M. Laine,
J. Tamminen, Finnish Meteorological Institute (Finland); J. P. Veefkind, Royal Netherlands
Meterological Institute (Netherlands)

POSTER SESSION

8890 0X

8890 OY

8890 11

889012

PART B

SESSION 5

Measurements of PM2s in megacity [8890-35]
M. Nakata, I. Sano, S. Mukai, Kinki Univ. (Japan)

Analysis of the relation between GPS tropospheric delay and intense precipitation
[8890-36]
P. Benevides, J. Cataldo, P. Miranda, M. J. Chinita, Univ. de Lisboa (Portugal)

Focused sun's rays and forest fire danger: new concept [8890-39]
G. V. Kuznetsov, N. V. Baranovskiy, Tomsk Polytechnic Univ. (Russian Federation)

Two-stage algorithm for cloud detection with ZY-1 02C multi-spectral measurements
[8890-21]

Y.-Y. Wang, National Environmental Monitoring Ctr. (China); W.-M. Wang, L. Yang, H. Liang,
Shenzhen Environmental Monitoring Ctr. (China)

Optics in Atmospheric Propagation and Adaptive Systems XVI

CHARACTERIZATION OF THE ENVIRONMENT |

8890 13

Measuring non-Kolmogorov turbulence [8890-40]
S. Gladysz, K. Stein, E. Sucher, D. Sprung, Fraunhofer-Institut fir Optronik, Systemtechnik und
Bildauswertung (Germany)

Proc. of SPIE Vol. 8890 889001-6



8890 14

Comparison of slant-path scintilometry, sonic anemomeiry and high-speed videography
for vertical profiling of turbulence in the atmospheric surface layer [8890-41]

D. J. Griffith, Council for Scientific and Industrial Research (South Africa); D. Sprung,

E. Sucher, Fraunhofer-Institut fir Opfronik, Systemtechnik und Bildauswertung (Germany);
A. Ramkilowan, L. Vhengani, Council for Scientific and Industrial Research (South Africa)

8890 15 Characterization of optical turbulence at the solar observatory at the Mount Teide, Tenerife
[8890-42]
D. Sprung, E. Sucher, Fraunhofer-Institut fur Optronik, Systemtechnik und Bildauswertung
(Germany)

8890 16 Characterizing inertial and convective optical turbulence by detrended fluctuation
analysis [8890-43]
G. Funes, Cir. de Investigaciones Opticas (Argentina); E. Figueroa, Pontificia Univ. Catdlica
de Valparaiso (Chile); D. Gulich, Ctr. de Investigaciones Opticas (Argentina); L. Zunino, Ctr.
de Investigaciones Opticas (Argentina) and Univ. Nacional de La Plata (Argentina);
D. G. Pérez, Pontificia Univ. Catdlica de Valparaiso (Chile)

SESSION 6 CHARACTERIZATION OF THE ENVIRONMENT II

8890 18 Validation of MATISSE background images and cloud simulations: comparing results with
MODIS satellite images [8890-45]
C. Schweitzer, Fraunhofer-Institut fir Optronik, Systemtechnik und Bildauswertung
(Germany); C. Malherbe, ONERA - DOTA (France); K. Stein, Fraunhofer-Institut fOr Opfronik,
Systemtechnik und Bildauswertung (Germany)

8890 1A Density oscillations generated by vortex rings and their effect on scintillation of a Gaussian
beam [8890-47]
F. V. Shugaev, E. N. Terentiev, L. S. Shtemenko, O. A. Nikolaeva, Lomonosov Moscow State
Univ. (Russian Federation)

SESSION 7 IMAGING THROUGH TURBULENCE

8890 1B Imaging through atmospheric turbulence for laser based C-RAM systems: an analytical
approach [8890-48]
l. Buske, W. Riede, Deutsches Zenfrum fUr Luft- und Raumfahrt e V. (Germany); J. Zoz, MBDA
Deutschland GmbH (Germany)

8890 1C High-resolution imaging through strong atmospheric turbulence [8890-49]

S. M. Jefferies, Univ. of Hawai'i (United States) and Steward Observatory, The Univ. of
Arizona (United States); D. A. Hope, Univ. of Hawai'i (United States); M. Hart, Steward
Observatory, The Univ. of Arizona (United States) and Univ. of Hawai'i (United States);
J. G. Nagy, Emory Univ. (United States)

vii

Proc. of SPIE Vol. 8890 889001-7



SESSION 8

ADAPTIVE OPTICS SYSTEMS

viii

8890 1D

8890 1F

Solar adaptive optics at the Observatorio del Teide, Tenerife [8870-50]

D. Soltau, T. Berkefeld, Kiepenheuer-Institut fir Sonnenphysik (Germany); D. Schmidt,
National Solar Observatory (United States); O. von der Lihe, Kiepenheuer-Institut for
Sonnenphysik (Germany)

Characterization of the holographic wavefront sensor for free-space optical
communications [8890-52]
A. Zepp, Fraunhofer-Institut for Optronik, Systemtechnik und Bildauswertung (Germany)

Author Index

Proc. of SPIE Vol. 8890 889001-8



Conference Committees

Symposium Chair

Charles R. Bostater Jr., Florida Institute of Technology (United States)

Symposium Cochair

Ulrich Michel, PGdagogische Hochschule Heidelberg (Germany)

Part A Remote Sensing of Clouds and the Atmosphere XVIII

Conference Chairs

Adolfo Comeron, Universitat Politécnica de Catalunya (Spain)

Evgueni l. Kassianov, Pacific Northwest National Laboratory (United
States)

Klaus Schafer, Karlsruher Institut fir Technologie (Germany)

Conference Program Committee

Aldo Amodeo, Istituto di Metodologie per I'Analisi Ambientale (Italy)
Christoph C. Borel-Donohue, Air Force Institute of Technology (United
States)

Young Joon Kim, Gwangiju Institute of Science and Technology (Korea,

Republic of)

Richard H. Picard, ARCON Corporation (United States)

Michiel van Weele, Koninklijk Nederlands Meteorologisch Instituut
(Netherlands)

Konradin Weber, Fachhochschule DUsseldorf (Germany)

Session Chairs
1 Lidar, Radar, and Passive Atmospheric Measurements
Klaus Schdafer, Karlsruher Institut fUr Technologie (Germany)

2  Atmospheric Profiling of Aerosol, Trace Gases, and Meteorological
Parameters of Remote Sensing
Adolfo Comeron, Universitat Politécnica de Catalunya (Spain)

Proc. of SPIE Vol. 8890 889001-9



Part B

3

4

Radiative Transfer |
Evgueni l. Kassianov, Pacific Northwest National Laboratory (United
States)

Radiative Transfer |l
Evgueni l. Kassianov, Pacific Northwest National Laboratory (United
States)

Optics in Atlmospheric Propagation and Adaptive Systems
XVI

Conference Chairs

Karin Stein, Fraunhofer-Institut fir Optronik, Systemtechnik und
Bildauswertung (Germany)

John D. Gonglewski, European Office of Aerospace Research and
Development (United Kingdom)

Conference Program Committee

Ivo Buske, Deutsches Zentrum fUr Luft- und Raumfahrt e V. (Germany)

Sylvain Cheinet, Institut Franco-Allemand de Recherches de Saint-Louis
(France)

David C. Dayton, Applied Technology Associates (United States)

Gregory C. Dente, Air Force Research Laboratory (United States)

Denis Dion Jr., Defence Research and Development Canada, Valcartier
(Canada)

Vladimir P. Lukin, V.E. Zuev Institute of Atmospheric Optics (Russian
Federation)

Cheryl Matson, University of California, San Diego (United States)

Sergio R. Restaino, U.S. Naval Research Laboratory (United States)

Jim Riker, Air Force Research Laboratory (United States)

Marc J. F. Séchaud, ONERA (France)

Alexander M. J. van Eijk, TNO Defence, Security and Safety (Netherlands)

Arthur D. van Rheenen, Norwegian Defence Research Establishment
(Norway)

Proc. of SPIE Vol. 8890 889001-10



Session Chairs

5 Characterization of the Environment |
Karin Stein, Fraunhofer-Institut fur Optronik, Systemtechnik und
Bildauswertung (Germany)

6  Characterization of the Environment |l
Ivo Buske, Deutsches Zentrum fUr Luft- und Raumfahrt e V. (Germany)

7 Imaging and Turbulence

Kevin Bollino, European Office of Aerospace Research and Development
(United Kingdom)

8 Adaptive Optics Systems

Kevin Bollino, European Office of Aerospace Research and Development
(United Kingdom)

Proc. of SPIE Vol. 8890 889001-11

Xi



Infroduction

For many years, remote sensing of clouds and atmosphere from surface and
space has provided critical information for studying a broad range of physical
processes involved in the climate system. The 30 contributions in this volume cover
important recent developments in the remote sensing techniques, the impressive
technological advances, and the progress of data interpretation. The
participants from 12 countries represented a broad variety of remote sensing
topics, including the ground and satellite-based remote sensing and
comprehensive radiative transfer calculations for improved understanding of the
complex physical processes that were involved. In particular, two invited
presentations (Prof. Mace, USA and Mr. BUhl, Germany) on the synergy of passive
and active remote sensing reviewed the latest achievements, summarized
current research efforts and discussed important directions for awe-inspiring
improvements. The high-quality presentations and spirited discussions together
with the pleasant and friendly environment offered by the SPIE representatives
made this SPIE meeting in Dresden, Germany successful and memorable.
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Klaus Schafer
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