
NON-SUN-SYNCHRONOUS OCEAN SURFACE WIND MEASUREMENT  
UNDER HEAVY RAIN BY CYGNSS 

 
W. Timothy Liu and Xiaosu Xie 

 
Jet Propulsion Laboratory, California Institute of Technology 

 
ABSTRACT 

 
The unique capability of CYGNSS in measuring ocean 
surface wind speed from non-sun-synchronous orbits under 
heavy rain is demonstrated in the northern migration of 
convective systems into the Bay of Bengal during summer 
monsoon onsets. 
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1. INTRODUCTION 
 
Most of the current ocean surface wind sensors are in sun-
synchronous polar orbits, leaving large data gaps over 
tropical oceans.  The measurements at C and Ku-bands are 
subjected to rain contamination (Liu and Xie 2006).  The 
Cyclone Global Navigation Satellite System (CYGNSS) 
will use a constellation of eight small satellites carried to 
orbit on a single launch vehicle (Ruf et al. 2016a). In orbit, 
CYGNSS’s eight micro-satellite observatories will receive 
both direct and reflected signals from the Global Positioning 
System (GPS) satellites. The direct signals pinpoint 
CYGNSS observatory positions, while the reflected signals 
respond to ocean surface roughness, from which wind speed 
is retrieved from tropical oceans. The mission professed to 
provide better temporal sampling than polar-orbiting 
sensors and the measurements at L-band have much less 
rain contamination.  We have been testing these two unique 
capabilities with the limited data released by the CYGNSS 
project in monsoon convection and tropical cyclones, for 
which daily evolution of surface winds under heavy rain is 
needed. The preliminary results on monsoon convection are 
first presented in this report. 
 

2. MONSOON CONVECTION 
 
The timing of summer monsoon onset in the Northern 
Indian Ocean has been shown to be related to the northward 
migration of organized convection (Liu and Xie 2017) using 
satellite data.  The migration has long been recognized as 
part of the large scale tropical intraseasonal oscillation (e.g., 
Wang and Xie 1997). An hypothesis on the influence of 
surface latent heat flux driven by wind speed in 

destabilizing the convection systems has been put forth and 
remains to be validated (e.g., Riley Dellaripa and Maloney 
2015).  Remote sensing of surface wind speed under the 
convection systems has been handicapped by insufficient 
sampling of sun-synchronous sensors on polar orbits and 
obscured by heavy rain. The potential use of CYGNSS data 
is demonstrated using the first release of the data. 

 
3. DATA 

 
The convection systems are identified through precipitation 
from the Global Precipitation Measurement (GPM) mission.  
The data of the Integrated Multi-satellitE Retrievals for 
GPM (IMERG), with 30 minutes and 0.1° resolution 
(Huffman et al. 2014) are used. They combine microwave 
and infrared precipitation estimates.  
 
CYGNSS  L3 data with 0.2° and hourly resolutions are 
extracted (Ruf et al. 2016b), then averaged to 1° and daily 
to make Fig. 1. 
 

4. RESULTS 
 
Fig. 1 shows an example of a convective system in the Bay 
of Bengal during summer monsoon onset. It is identified by 
rainfall measured by GPM. It moves north during the three 
consecutive days shown. Surface wind speeds are measured 
by CYGNSS inside and outside of the convection system 
for all three days with strong gradients. As the convection 
system moves across the gradient, from strong  to weak 
wind speed, it intensifies, as shown by the tightness of the 
precipitation isohyets. 
 

5. DISCUSSION 
 
The result is consistent with the hypothesis that stronger 
surface wind may induce stronger surface heat and moisture 
flux that would destabilize convection or vice versa. These 
are very preliminary results based on the first release of 
CYGNSS data to demonstrate CYGNSS’ uniqueness in 
research application. More scientific analysis will be 
performed after more data are released and with improved 
calibration and geophysical retrieval. 
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Fig. 1 Isohyets of surface rainfall (intervals are 3 
mm/hr) superimposed on the color images of 
surface wind speed for 3 consecutive days (June 
8-10, 2017) during the summer monsoon onset in 
the Bay of Bengal. 
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