PROCEEDINGS OF SPIE

Lidar Remote Sensing for
Environmental Monitoring 2017

Upendra N. Singh
Editor

8-9 August 2017
San Diego, Cadlifornia, United States

Sponsored and Published by
SPIE

Volume 10406

Proceedings of SPIE 0277-786X, V. 10406

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

Lidar Remote Sensing for Environmental Monitoring 2017, edited by Upendra N. Singh,
Proc. of SPIE Vol. 10406, 1040601 - © 2017 SPIE - CCC code: 0277-786X/17/$18
doi: 10.1117/12.2295982

Proc. of SPIE Vol. 10406 1040601-1



The papers 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. Additional
papers and presentation recordings may be available online in the SPIE Digital Library at
SPIEDigitallibrary.org.

The papers 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 to cite material from these proceedings:

Author(s), "Title of Paper," in Lidar Remote Sensing for Environmental Monitoring 2017, edited by
Upendra N. Singh, Proceedings of SPIE Vol. 10406 (SPIE, Bellingham, WA, 2017) Seven-digit Article
CID Number.

ISSN: 0277-786X
ISSN: 1996-756X (electronic)

ISBN: 9781510612693
ISBN: 9781510612709 (electronic)

Published by

SPIE

P.O. Box 10, Belingham, Washington 98227-0010 USA

Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2017, 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 article (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/17/$18.00.

Printed in the United States of America.
Publication of record for individual papers is online in the SPIE Digital Library.
SPIE. X5

o LIBRARY

SPIEDigitalLibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation
identifier (CID) number is assigned to each article at the time of publication. Utilization of CIDs
allows articles to be fully citable as soon as they are published online, and connects the same
identifier to all online and print versions of the publication. SPIE uses a seven-digit CID article
numbering system structured as follows:
= The first five digits correspond to 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 sefs 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.

Proc. of SPIE Vol. 10406 1040601-2



Contents

v Authors
vii Conference Committee

ENABLING TECHNOLOGIES AND TECHNIQUES FOR TRACE GASES MEASUREMENTS

10406 03 Progress on development of an airborne two-micron IPDA lidar for water vapor and carbon
dioxide column measurements (Invited Paper) [10406-2]

10406 04 GreenlITE: a new laser-based tool for near-real-time monitoring and mapping of CO2 and
CHa4 concentrations on scales from 0.04-25 km?2 [10406-3]

10406 05 New semiconductor laser technology for gas sensing applications in the 1650nm range
[10406-4]

10406 06 Compact, highly efficient, single-frequency 25W, 2051nm Tm fiber-based MOPA for CO2
frace-gas laser space transmitter [10406-5]

10406 07 Wide area methane emissions mapping with airborne IPDA lidar [10406-6]
WIND LIDAR TECHNOLOGIES AND OBSERVATIONS

10406 09 Application of Doppler wind lidar observations to hurricane analysis and prediction
(Invited Paper) [10406-8]

10406 0B Efficient, space-based, PM 100W thulium fiber laser for pumping Q-switched 2um Ho:YLF for
global winds and carbon dioxide lidar [10406-10]

10406 0C Fast widely-tunable single-frequency 2-micron laser for remote-sensing applications
[10406-11]
ENABLING LIDAR TECHNOLOGIES AND OBSERVATIONS

10406 0D First principle calibration of water vapor Raman lidars (Invited Paper) [10406-12]

10406 OF Stabilized diode seed laser for flight and space-based remote lidar sensing applications
[10406-14]

10406 0G Development of a wing-beat-modulation scanning lidar system for insect studies
[10406-15]

10406 Ol The Scheimpflug lidar method [10406-17]

Proc. of SPIE Vol. 10406 1040601-3



POSTER SESSION

10406 OL

10406 OM

10406 ON

Potential of UAV lidar systems for geospatial mapping [10406-20]
Lidar observations of long range dust transport over Mauna Loa Observatory [10406-21]

Applications of synergistic combination of remote sensing and in-situ measurements on
urban monitoring of air quality [10406-22]

Proc. of SPIE Vol. 10406 1040601-4



Authors

Numbers in the index correspond to the last two digits of the seven-digit citation identifier (CID) article
numbering system used in Proceedings of SPIE. The first five digits reflect the volume number. Base 36
numbering is employed for the last two digits and indicates the order of articles within the volume.
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, OA, 0B...0Z, followed by 10-1Z, 20-2Z, etc.

Antill, Charles W., 03 Remus, Ruben G., 03
Arend, Mark, ON Riris, Haris, 05

Atlas, R., 09 Rudd, Joe, OF

Barnes, John E., OM Ryan, K., 09
Bartholomew, Jarett, 07 Sharma, Nimmi C. P., OM
Bafttle, Philip, OF Shaw, Joseph A., 0G
Bhandari, Subodh, OL Sherman, Jes, 05

Blume, Nathan, 04 Simeonov, Valentin B., 0D
Bowen, Stephen C., 03 Singh, Upendra N., 03
Braun, Michael, 04 Stephen, Mark, 05
Brydegaard, Mikkel, Ol Storm, Mark, 06, OB
Bucci, L., 09 Tandy, William, 07

Butt, Jalal, OM Tauc, Martin Jan, 0G
Campmier, Mark, ON Taylor, Bryant D., 03
Carreon-Limones, Christian A., OL Téroék, Sandra, Ol
Chuang, Ti, 06 Vladutescu, Daniela Viviana, ON
Diaz, Adrian, ON Weimer, Carl, 07

Dobler, Jeremy T., 04 Welters, Angela M., 03
Dominguez, Victor, ON Wong, Teh-Hwa, 03
Elaksher, Ahmed F., OL Wu, Stewart, 05

Emmitt, G. D., 09 Wu, Yonghua, ON

Engin, Doruk, 06, 0B Yu, Jirong, 03

Estrella, Steven, 05 Zaccheo, T. Scoft, 04
Fristrup, Kurt M., 0G Zhang, J. A., 09

Gross, Barry, ON Zhao, Guangyu, 0Ol

Hale, Charley P., 0C
Henderson, Sammy W., 0C
Hovis, Floyd, OF

Ismail, Syed, 03
Jansson, Samuel, Ol
Larsson, Jim, Ol

Lauf, Rachel, OL

Lee, Jane, 03

Leisher, Paul O., 05
Litvinovitch, Slava, 06
Lyman, Philip, 07
Malmaqvist, Elin, O
Mashanovitch, Milan L., 05
Mathason, Brian, OB
McNeil, Shirley, OF
Moreira, Renan L., 05
Morrison, Gordon B., 05
Moshary, Fred, ON
Numata, Keniji, 05
Pandit, Pushkar, OF
Pernini, Timothy G., 04
Petros, Mulugeta, 03
Refaat, Tamer F., 03
Reithmaier, Karl, 03

Proc. of SPIE Vol. 10406 1040601-5



Proc. of SPIE Vol. 10406 1040601-6



Conference Committee

Program Track Chair

Allen H.-L. Huang, University of Wisconsin-Madison (United States)

Conference Chair

Upendra N. Singh, NASA Langley Research Center (United States)

Conference Program Committee

Parminder Ghuman, NASA Goddard Space Flight Center
(United States)
Floyd E. Hovis, Fibertek, Inc. (United States)
George J. Komar, NASA Headquarters (United States)
Kohei Mizutani, National Institute of Information and Communications
Technology (Japan)
Fred Moshary, The City College of New York (United States)
Georgios Tzeremes, ESTEC, European Space Agency (Netherlands)
Carl Weimer, Ball Aerospace & Technologies Corporation
(United States)

Session Chairs

1

Keynote Session
Upendra N. Singh, NASA Langley Research Center (United States)

Enabling Technologies and Techniques for Trace Gases
Measurements
Upendra N. Singh, NASA Langley Research Center (United States)

Wind Lidar Technologies and Observations

Parminder Ghuman, NASA Goddard Space Flight Center
(United States)

Shibin Jiang, AdValue Photonics, Inc. (United States)

Enabling Lidar Technologies and Observations
Floyd Hovis, Fibertek, Inc. (United States)
Sammy W. Henderson, Beyond Photonics (United States)

vii

Proc. of SPIE Vol. 10406 1040601-7



Proc. of SPIE Vol. 10406 1040601-8



