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GNSS Zenith Tropospheric Delay (ZTD)

GPS (GNSS) PWV is "averaged" PWV
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[Abstract]

Key Words: Water vapor (Precipitable water vapor), Global climate change, Extreme
water vapor, Remote sensing, Monsoon, Regional global warming

The variations of water vapor were investigated using the novel and accurate water
vapor dataset GRASP (GPS pRecipitable wAter reSearch Project) and CMIP5 product.
Additionally, we investigated the effect to the accuracy of precipitable water vapor (PWV)
with multi-GNSS (Global Navigation Satellite System(s)) data, and regional climate
model output.

In the analysis of GRASP dataset, we found the increment of frequency of extreme
high PWV around Japan in recent decade both in summer and winter season. Generally, it
is difficult to observe the PWYV in high temporal interval. Moreover, the radiosonde,
which is typical observation for water vapor, has systematic error in many types of
humidity sensor (Wang et al. 2004). Therefore, our results of the increment of extremes
should be important. Also, the relationship between surface temperature and PWV was
investigated. The saturated water vapor pressure should be change with
Clausius-Clapeyron (CC) formula. The increment of water vapor is estimated 7 % per 1
degree. Using the surface temperature, however, the rate tends to be larger than CC in
high surface temperature. We found the rate over CC is related to precipitation event.

We investigated the benefits of multi-GNSS processing. Using multi-GNSS signals
improved the estimation accuracy of coordinates due to the high mean number of satellites.
In addition to coordinates, PWV observed by the GNSS and radiosondes was also
compared. The remarkable effect of multi-GNSS processing is demonstrated by the water
vapor components. The root means square and bias of PWV between GPS and radiosonde
observations was smaller in the case of multi-GNSS.

Also, we used a 4-km resolution regional climate model to examine the sensitivity
of surface air temperature on the Pacific coast of Japan to sea surface temperature (SST)
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south of the Pacific coast of Japan during summer. The authors performed a control
simulation (CTL) driven by reanalysis and observational SST datasets. A series of
sensitivity experiments using climatological values from the CTL SST datasets over a
31-yr period was conducted. The interannual variation in precipitable water over the
Pacific coast was well simulated in CTL, compared with the GRASP precipitable water.
The interannual variation in SST over the Kuroshio region amplified the interannual
variation in surface air temperature over the Pacific coast. It was found that 30% of the
total variance of interannual variation in surface air temperature can be controlled by
interannual variation in SST. Concurrent with the warming in surface air temperature,
downward longwave radiation at the surface was also increased. This implies that the
primary factor for the increase in surface air temperature in summer is the increase of
moisture in the lower troposphere, indicating that the regional warming was caused by an
increase in H,O greenhouse gas.
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