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Preliminary Research on GNSS-MR for Snow Depth

ZHANG Shuangcheng' DAI Kaiyang' NAN Yang' ZHANG Qin'
QU Wei' LI Zhenyu' ZHAO Yinghui'

1 College of Geology Engineering, Chang’an University,Xi’an 710054, China

Abstract: Snow is a critical storage component in the hydrologiccycle; accurate measurements of snow
depth and snow water storage are very important for global climate research. As research and applica-
tion of GNSS deepens, GNSS-MR based multipath has emerged as a new technology of remote sensing
for environmental monitoring of vegetation, soil moisture, snow depth, sea levels, ,and so on. The
characteristics of change in SNR data are analyzed and the fundamental principles of GNSS-MR based
SNR and calculation flow chart are introduced. Experiments with GPS data collected for 17 days at the
NWOT station, Colorado, verify the validity of GNSS-MR based SNR. The retrieval result was con-
sistent with the snow depth recorder; the standard deviation was 0.07m. Results also show that the
GNSS-MR for snow depth is very effective and useful for environmental monitoring with abundant-
global GNSS stations.

Key words: GNSS; GNSS-MR(GNSS multipath Reflectometry) ; GNSS remote sensing; SNR(signal-

to-noise ratio) ; snow depth; lomb-scargle periodogram
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Application of Parallel Computing with OpenMP in Global Ionosphere Mapping

ZHANG Qiang' ZHAO Qile'
1 GNSS Research Center, Wuhan University, Wuhan 430079, China

Abstract: Computation-intensive tasks in the data processing for global ionosphere mapping are ana-
lyzed. A parallel algorithm with OpenMP technique is proposed for data preprocessing incorporating
normal equation matrix stacking, parameter pre-elimination, and normal equation matrix inversion. A
validation experiment was executed on a single server. Results indicate that the computing time for
rapid global ionosphere mapping is only about 10~13 minutes with a speedup of about six, the time
for final global ionosphere mapping is only about 39-47 minutes and the speedup is about five. The
precision for global ionosphere products are about 2.8~3.8 TECUs compared with IGS final products,
and the final solutions are at higher precision, about 0.2 TECUs in contrast to rapid solutions. The
parallel algorithm proposed in this paper is very useful for the optimal testing of global ionosphere
mapping, when reprocessing long time span data extending over periods such as 10 years, as well as
for the real-time ionosphere mapping.

Key words: OpenMP; parallel computing; GNSS; global ionosphere mapping; total electron content

First author: ZHANG Qiang, PhD candidate, specializes in GNSS ionosphere and PPP. E-mail: zhangqgiang@ whu.edu.cn

Corresponding author: ZHAO Qile, PhD, professor. E-mail: zhaoql@ whu.edu.cn

Foundation support: The National High-tech R&.D Program of China, No. 2014AA121501; the Fundamental Research Funds for the
Central Universities, No. 2014618020202.



