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Change in Tropospheric Zenith Delay in GPS Measurements
during Passing of Fronts over Hokuriku Region, Japan

Masaaki NISHIMURA!, Mikio SATOMURA!, Seiichi SHIMADA® and Isao NAITO?

Abstract The most important meteorological product of the Global Positioning System (GPS)
is the estimation of precipitable water vapor (PWV). Because there is a dense distribution
of GPS sites in Japan and because the PWV can be estimated at short time intervals from
GPS data, it is expected that GPS data may improve Japanese weather forecasting.

We compared PWV estimated from GPS with PWV obtained from radiosonde data at
Wajima in Japan, in order to investigate which analysis method is the most suitable for es-
timating PWV. PWYV obtained without estimating horizontal gradients of tropospheric path
delay agreed with PWV obtained from radiosonde data better than that through estimating
horizontal gradients. The difference in the PWVs obtained from GPS and radiosonde is re-
lated to the wind velocity. The difference shows that the meteorological data obtained with
radiosonde is not the data just above the GPS station when there is strong wind there.
From this relation, we confirmed that the horizontal gradients obtained from GPS data re-
flect actual azimuthally inhomogeneity in water vapor.

In order to investigate the relationship between PWV change obtained from GPS data
and the front passage, we analyzed three sets of data during which cold fronts passed over
Hokuriku region: March 19-20, August 24-25, and December 7-8 in 1998.

The result in March shows a clear relationship between PWV change and front passage.
The PWV increased before the front passed and it decreased clearly after the front passed.
The change in August was similar to that in March, but smaller. The PWV in December
does not show a clear change. These results may show that the PWV change has seasonal
characteristics when a cold front passes. In the case of a stationary front passage during
August 26-27, 1998, the PWV increased slowly and did not change drastically.

Key words: GPS, Precipitable Water Vapor(PWV), Hokuriku region, cold front, radiosonde.
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Fig. 1 Distribution of the GPS stations from which
data were processed in the present investigation. The
GPS data were provided by the Geographycal Survey
Institute(GSI).
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Table 1 Weather stations from which data were used
in the correction of GPS data.
GPS stations Wether stations
Hegurajima * Wajima * Suzu * Noto * Togi * Notojima  [Wajima
Uchinada {Kanazawa
Oshimizu * Takaoka * Shiga * Tonami Fushiki
Toyama * Namerikawa * Nyuzen « Ohyama Toyama

Table 2 Vertical pressure gradient at each altitude
used in the present investigation.

. Standard Pressure
Altitude pressure gradient
(m) (hPa) (hPa/m)
0 1013.3
200 989.5 0.119
400 966.1 0.117
600 943.2 0.1145

Table 3 Coordinates of GPS stations for the estima
tion of wet term of Tropospheric Zenith Delay.

WGS-84 | Tokyo Datum - | Tokyo Datum Pressure
Station name | Latitude WGS84 Decrease
(m) (m) (m) (hPa)
Nyuzen 36.93 66.5 -40.3 26.2 3.1
Wajima 37.38 51.2 -36.2 15.0 18
Uchinada 36.66 89.7 -373 52.4 6.2
Takacka 36.74 499 -37.3 12,6 1.5
Toyama 36.63 753 -40.3 35.0 42
Ohyama 36.58 630.1 -40.3 589.8 69.0
Hegurajima 3785 496 -36.2 13.4 16
Suzu 3745 50.1 -30.7 19.4 23
Shiga 37.00 516 -373 143 17
Namerikawa 36.74 66.6 -40.3 26.3 3.1
Tonami 36.65 88.7 -40.3 48.4 58
Noto 37.31 1280 -30.7 97.3 16
Togi 37.16 489 -373 11.6 14
Notojima 3712 738 -31.3 36.5 43
Oshimizu 36.82 60.3 -37.3 23.0 2.7

T =
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Fig. 2 Comparison of the Tropospheric Zenith Delays
(TZD) obtained by processing GPS data with a time
duration changed by 12 hours. (Upper; TZD obtained
by three processings. Lower; Difference of TZD be-
tween 0:00-24:00 processing and 12:00-12:00 process-
ing.)

Table 4 PWV differences estimated from GPS and
radiosonde data.

Date 12:00 of | 24:00 of | 12:00 of | RMS
first day | first day | last day

March  18-20 10.7 8.2 79 9.0
Without | August 24-25 28 1.4 6.3 4.1
Horizontal | August 26-27 0.2 1.7 39 25
Gradient | December 7-8 73 1.7 8.3 78
RMS 6.6 58 6.8 6.4

With 1 March 19-20 109 93 1.7 94
Horizontal { August 24-25 1.9 21 55 36
Gradient for] August 26-27 08 08 42 25
1 day December 7-8 9.2 7.2 13 94
RMS 7.2 6.0 7.7 7.0

Wirh 13 March 19-20 12.1 8.3 9.2 10.0
Horizontal | August 24-25 1.1 16 53 28
Gradient for] August 26-27 22 2.2 3.0 25
1day December 7-8 9.3 6.8 11.3 93
RMS 7.7 5.5 7.9 7.1

(unit in mm)
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Table 5 Horizontal gradient of tropospheric propagation delay, Tropospheric Zenith Delay at northern stations
and that at southern stations.

Difference of Wind direction Direction of | Direction of Horizontal | Amount of Horizontal
Time(UT) PWV above Wajima | Radiosonde gradient of gradient of
(GPS-radiosonde) movement atomospheric delay | atomospheric delay
(mm) (deg)_ (deg) (deg) (m)
12h, March 19 10.7 190~268 10~88 172.7 0.047
24h, March 19 8.2 229~266 49~86 1675 0.046
12h, March 20 79 245~297 65~117 190.0 0.132
24h, December 7 1.7 227~271 47~91 232.3 0.013

Table 6 Relationship among horizontal gradient of tropospheric propagation delay, PWV difference, and wind
direction and its velocity in upper air.

Without Horizontal Gradient

Amount | Direction |Reduced TZD|Reduced TZD Differnece of
Time of of in southern in northen reduced TZD
gradient ] gradient area area between N and S
(UT) (m) (deg) (m) (m) area (m)
12:00f 0.066 169.9 2.42047 2.44997 -0.02950
14:.00] 0.056 177.2 2.48374 2.49974 -0.01600
16:00] 0.075 159.7 2.47352 2.49361 -0.02009
18:00] 0.075 155.8 2.46320 2.48692 -0.02372
20:00f 0.061 168.6 2.44361 2.46834 -0.02473
22:00] 0.050 177.2 2.45514 2.47027 -0.01513
0:00] 0.054 164.5 247418 2.47552 -0.00134
2:00] 0.066 167.3 2.48403 247218 0.01185
4:00] 0.114 167.6 2.44705 242141 0.02564
6:00{ 0.146 175.6 2.37632 2.35564 0.02068
8:00] 0.156 180.0 2.39427 2.37475 0.01952
10:00] 0.167 178.7 2.41861 2.39254 0.02607
12:00] 0.163 180.2 2.39945 2.38802 0.01143

With 13 Horizontal Gradients for 1 day

Amount | Direction |Reduced TZD]Reduced TZD Differnece of
Time of of in southern in northen reduced TZD
gradient | gradient area area between N and S
(UT) (m) (deg) (m) (m) area (m)
12:00} 0.066 169.9 2.43143 2.44613 -0.01470
14:00] 0.056 177.2 2.48443 2.49085 —-0.00642
16:00] 0.075 159.7 247010 2.48725 -0.01715
18:00f 0.075 155.8 2.46697 2.48652 -0.01955
20:00] 0.061 168.6 2.44477 2.46647 -0.02170
22:00{ 0.050 177.2 2.45138 2.46438 -0.01300
0:00} 0.054 164.5 2.47541 247428 0.00113
2:00] 0.066 167.3 248104 2.46833 0.01271
4:00] 0.114 167.6 2.45122 242252 0.02870
6:000] 0.146 175.6 2.40432 2.37677 0.02755
8:00] 0.156 180.0 2.40185 2.38418 0.01767
10:00] 0.167 178.7 2.41536 2.38884 0.02652
12:00] 0.163 180.2 2.39909 2.38420 0.01489
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Fig. 4 Relationship between the horizontal gradient of
tropospheric propagation delay and the TZD differ-
ence between northern stations and southern ones.
(Upper; Processed without horizontal gradient.
Lower; Processed with horizontal gradient)
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Fig. 6 PWV and precipitation changes, wind velocity
change, and air temperature change at Wajima sta-
tion from March 19 to 20, 1998. The two vertical
lines in each figure show approximate duration for a
cold front passage.
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Fig. 7 Weather maps from March 19 to 20, 1998.
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Fig. 8 PWYV and precipitation changes, wind velocity
change, and air temperature change at Wajima sta-
tion from August 24 to 25, 1998. The two vertical
lines in each figure show approximate duration for a
cold front passage.
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Fig. 9 Weather maps from August 24 to 25, 1998.
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Fig. 10 PWV and precipitation changes, wind velocity
change, and air temperature change at Wajima sta-
tion from December 7 to 8, 1998. A cold front
passed in this time interval but the duration is not
clear.
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Fig. 11 PWV and precipitation changes, wind velocity
change, and air temperature change at Tonami sta-
tion from December 7 to 8, 1998. A cold front
passed in this time interval but the duration is not
clear.
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Fig. 13 PWV and precipitation changes, at some sta-
tions from August 26 to 27, 1998. A stationary front
stayed over Hokuriku region in this duration.
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Fig. 14 Weather maps from August 26 to 27, 1998.
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Fig. 156 Change of horizontal gradient of tropospheric
propagation delay when a cold front pass through
(Average vector of GPS stations).
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