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Water vapor is one of the most important greenhouse gases in the world,  
leading a dominant role in climate change. There are lots of techniques which 
can measure water vapor directly or remotely. In this work, we compared the 
water vapor retrieved from GNSS and the MODIS (Moderate Resolution 
Imaging Spectroradiometer) sensor onboards NASA’s Earth Observing System 
(EOS). For the EOS project, NASA launched two satellites payloads with the  
MODIS sensor named Terra satellite (1999) and Aqua satellite (2002). The 
orbital period of the EOS satellites is 12 hours with a day and night resolution of 
1 km and 5 km, respectively. We reprocessed 11 years data (from 2002 to 
2012) of GNSS data in order to get homogenous results. We computed GPS-
only as well as GLONASS-only and combined solutions. Since the GNSS 
network is sparse and the MODIS sensor provides a grid dataset, we extracted 
the MODIS data at the GNSS permanent station locations. 
During these 11 years, the amplitudes of water vapor vary between 0 and 70 
mm. The water vapor difference between GPS and GLONASS is between -1 
and +1 mm (Fig. 1) and it is diminishing with time due to the GLONASS 
constellation replenishment. The difference between MODIS Aqua and MODIS 
Terra is between -2 and 10 mm (Fig. 2) and it is increasing; this may happen 
due to the sensor aging. The biggest difference is measured over the equator. 
This is expected as the amount of water vapor over the equator is larger than in 
other regions. Finally, we compared GPS with MODIS Aqua. The difference is 
between -30 and 10 mm (Fig. 3). In the northen hemisphere the difference 
increases with latitude. However the southern hemisphere shows no significant 
pattern; the reason may be the sparse GNSS station network in this region.  
It is important to noitice that the systematic bias between the techniques still 
needs to be studied and understood in more details. 

 
Figure 1. Water vapor differences between GPS and GLONASS  
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Figure 2. Water vapor differences between MODIS Aqua and MODIS Terra 
 

 
Figure 3. Water vapor differences between GPS and MODIS Aqua 
 
 
REFERENCES 
Parkinson, C. L. 2003. Aqua: An Earth-observing satellite mission to examine 
water and other climate variables. IEEE Transactions on Geoscience and 
Remote Sensing, 41(2), 173-183. 
Bevis, M., Businger, S., Herring, T. A., Rocken, C., Anthes, R. A., & Ware, R. H. 
1992. GPS meteorology: Remote sensing of atmospheric water vapor using the 
Global Positioning System. Journal of Geophysical Research: 
Atmospheres, 97(D14), 15787-15801. 
Li, Z., Muller, J. P., & Cross, P. 2003. Comparison of precipitable water vapor 
derived from radiosonde, GPS, and Moderate‐Resolution Imaging 
Spectroradiometer measurements. Journal of Geophysical Research: 
Atmospheres, 108(D20).  


