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Water vapor estimation using digital terrestrial broadcasting waves and its estimation
error
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We, National Institute of Information and Communications Technology (NICT), are developing a water vapor measurement
system using digital terrestrial broadcasting wave. Because the delay due to water vapor is quite small, very precise measureme
are needed for the effective observations. Phase fluctuations of local oscillators at radio tower and receivers are essential ert
factors. Therefore, we propose two configurations (A and B) to derive water vapor concentration. In configuration A, we measure
the phase variations of digital terrestrial broadcasting waves at the two receiving points on the line that includes the radio towel
Phase noises of the local oscillator at the radio tower are canceled out by taking the difference. We can estimate net propagati
delay between the two receiving points by synchronization of the receivers’ local oscillators. In configuration B, we observe
phase variations of digital terrestrial broadcasting waves at a single receiving site. If there is a reflector at the opposite sid
from the radio tower, we can receive direct and reflected waves at this point simultaneously using a single local oscillator. Phas
noises of this local oscillator are cancelled out by taking the difference between direct and reflected waves. We can measure
round trip propagation delay between the observing point and the reflector without the synchronization of local oscillators. In
configuration A, the synchronization of two local oscillators is essential. Two local oscillators connected with an optical fiber
can be synchronized vary precisely. We are conducting a proving test in this configuration using an optical fiber and other mean:
In this presentation, we report a method and results of water vapor measurements without synchronization of the local oscillator
(configuration B).

NICT is located at about 29 km westward from the radio tower named Skytree. Three reflectors (R1-R3) are located at abou
1 km, 4 km, and 7 km westward from NICT, respectively. The direct wave and reflected waves from the three reflectors can be
measured at NICT using a single receiving system. Since the power of direct wave is strong, we can receive it by the back-lob
of an antenna. Therefore, the antenna is directed to westward to receive reflected waves by the main-lobe. Taking differenc
between each waves, we can measure the propagation delays in the three areas between NICT and R3. The delay in each ¢
is quite similar and sometimes shows time lags in the time variations, implying that some meteorological phenomena passe
through from west to east. We have ground-based meteorological observatory equipments at two sites, NICT and a point clos
to R3. The delay estimated using digital terrestrial broadcasting wave shows good agreement with that from ground-base
meteorological observation including the time lag.

The possible sources of the estimation error might be a length change of the RF cable, a curve of the propagation patt
rainfalls, winds, and so on. The length of RF cable will be changed due to temperature variation. This effect is canceled out ir
configuration B because the receiving system including the RF cable is unique in this configuration. In configuration A, however,
the temperature variations at different receiving systems will cause the change of the propagation path length. A curve of th
propagation path due to weather condition also changes the propagation path length. At the moment, the effect of rainfalls i
scarcely seen in the observed results. The time variations of the propagation delay sometimes show small fluctuations whot
amplitude is order of 10 ps. The amplitude seems to have some correlation with the wind velocity. Winds seem to be one of the
main error factors in this observation.
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