Vol. 24, No. 3 (2014) pp. 391-402
hitp://dx.doi.org/10.14191/Atmos.2014.24.3.391
PISSN 1598-3560 eISSN 2288-3266

Atmosphere. Korean Meteorological Society I o 1 =

GPS 7142 AEE $I8H 2|2 BEMM XISAIZ| Chet 24

UREVD* . star2Y . 2718 - ZAMHY - AR - AE2?
VY74 o B el 714 A A E, P73 Ao st o 7197 8tk
(37 2014 59 159, A EE L 20149 89 229)

An Analysis of the Least Observing-Session Duration of GPS
for the Retrieval of Precipitable Water Vapor

Yoo-Jun Kim”’z)’*, Sang-Ok Hanl), Ki-Hoon Kiml), Seon-Jeong Kiml),
Geon-Tae Kim", and Byung-Gon Kim”

Y High Impact Weather Research Center, Forecast Research Division, National Institute of Meteorological Research,
Korea Meteorological Administration, Gangneung, Korea
Y Department of Atmospheric Environmental Sciences, Gangneung-Wonju National University, Gangneung, Korea

(Manuscript received 15 May 2014; accepted 22 August 2014)

Abstract This study investigated the performances of precipitable water vapor (PWV)
retrieval from the sets of ground global positioning system (GPS) signals, each of which had
different length of observing-session duration, for the purpose of obtaining as short session
duration as possible that is required at the least for appropriate retrieval of the PWV for meteo-
rological usage. The shorter duration is highly desirable to make the most use of the GPS
instrument on board the mobile observation vehicle making measurements place by place.
First, using Bernese 5.0 software the PWYV retrieval was conducted with the data sets of GPS
signals archived continuously in 30 seconds interval during 2-month period of January and
February, 2012 at Bukgangneung site. Each of the PWVs produced independently using differ-
ent session durations was compared to that of radio-sonde launched at the same GPS location,
a Bukgangneung site. Second, the same procedure was done using the data sets obtained from
the mobile observation vehicle that was operating at Boseong area in Jeonnam province during
Changma observation campaign in 2013, and the results were compared to that at Bukgangne-
ung site. The results showed that as the observing-session duration increased the retrieval
errors decreased with the dramatic change happening between 3 and 4 hours of the duration.
On average, the root mean square error (RMSE) of the retrieved PWV was around 1 mm for
the durations of greater than 4 hours. The results at both the Bukgangneung (fixed site) and
Boseong (mobile vehicle) seemed to be fairly comparable with each other. From this study it is
believed that at least 4 hours of observing-session duration is needed for the retrieval of PWV
from the ground GPS for meteorological usage using Bernese 5.0 software.
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Table 1. Session designations?. Reproduced from Eck et al. (2001).
Session Session/occupation times (UTC) .
. Sessions #
duration (h) a b c e f
1 H 00-01 01-02 02-03 03-04 04-05 05-06 24
2 H 00-02 02-04 04-06 06-08 08-10 10-12 12
3H 00-03 03-06 06-09 09-12 12-15 15-18 8
4 H 00-04 04-08 08-12 12-16 16-20 20-24 6
6 H 00-06 06-12 12-18 18-24 4
8 H 00-08 08-16 16-24 3
12H 00-12 12-24 2
24 H 00-24 1
@For 60 days and 7 baselines including IGS site.
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Fig. 1. Detailed block diagram of Mobile Atmospheric Observing System (MAOS).
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Fig. 2. Time series of precipitable water vapor (PWV) using
(a) 24-hour GPS and (b) microwave radiometer (MWR)
compared to radiosonde (RAOB) along with precipitation
amount during 2012 winter IOP at Bukgangneung.

He o9 3t YEFTHRocken et al., 2000) (Fig.
2a). Figure 2b2] MWR SA] dXF 73 717F 9x1&
Zetsiegl= A4 717ke] Bias (-0.23 mm)9} RMSE
(123 mm)7} A8 A= (Liou et al, 2001; Pacione
et al, 2002)01A AASIIE #H= Y| ke] HE 2}
°](1~5 mm) TS AR vty 28 il v7t
F AHE 717k disAeE 248 74 MWR 7t
74%=2Fe] RMSE (0.71 mm) 93R= ok 429 74315t}
A7 B35 AH]) b 7P vlal - A5
3l AEE SHASVI GRS GPS(244
e B3l AEE TP Al AEds e
9]

- A 395

GPS 12H vs RAOB
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Fig. 3. Comparisons between PWV from RAOB and GPS
with the each observing-session duration of (a) 24-hour
(24 H), (b) 12-hour (12 H), (c) 8-hour (8 H), and (d) 6-hour
(6 H) during 2012 winter IOP at Bukgangneung.

GPS PWV (mm)

20 20

GPS 4H vs RAOB GPS 3H vs RAOB

RAOB PWV (mm)
3
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>
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; o oSes >
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R?*=0.47 ®  R=049
0 0
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Fig. 4. The same as in Fig. 3 except for the observing-
session duration of (a) 4-hour (4 H), (b) 3-hour (3 H), (c) 2-
hour (2 H), and (d) 1-hour (1 H).
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Fig. 5. The standard deviation (STD; left axis), root mean
square error (RMSE; left axis), and determination coefficient
(R?; right axis) corresponding to the each session duration
compared to PWV of RAOB at Bukgangneung.
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Fig. 6. The (a) STD, (b) RMSE, and (c) R? of the difference
of GPS PWV and RAOB PWYV on the each session duration
for the different period of whole, non-precipitation, and
precipitation.
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Fig. 7. The same as in Fig. 6 except for the PWV differences
between GPS and MWR.

Table 2. Statistics of total and non-precipitation cases
compare to PWV of MWR on the each observing-session
duration at Bukgangneung. The STD, RMSE, and R? denote
standard deviation, root mean square error, and determination
coefficient, respectively.

Session Total Non-Precipitation

duration (h) STD RMSE R> STD RMSE R?

1H 474 475 025 471 471 020
2H 194 196 068 152 152 0.68
3H 158 1.60 0.78 1.08 1.09 0.82
4H 121 123 088 089 090 0.87
6H 1.10 1.11 091 073 0.73 091
8 H 1.09 1.10 091 072 072 092
12H 121 123 087 0.78 0.79 0.90
24 H 1.17 1.18 089 083 0.83 0.89

ez va 493 v B

= A2
7l wil At Ao fhdle o
velsttt AA 717F RMSES} RZE’J EAEA Azt

ME G g Axo] I AEA ] o)EA o] EA
3} 2 (Figs. 7b, ¢), 3 H ©]3HRMSE; 2.77, R% 0.57)
9} 4H ©]AHRMSE; 1.17, R%; 0.89) 48 ZAxe
o 2uf o]/de] xfolE UERHTH(Table 2). gHA 7
7} e Akl tiaiA e B A, AA 717k
H)wate] GPSF MWRE 743 A4 (RS 0.6%
o] mH|gt ZolE HAAIRF QXHSTD, RMSE)y= ¢F
20% 7423 TH(Fig. 73 Table 2). 2, BIZ5= Al
71ZF MWR H]9] 242 g e T8
2 RoFE Aol

AF7HA 20129 ALHEEAS717 IHAS 49
ASAA AEHAIZ AR B8l AEE PR 4
el F 7 (E ] LEH, MWR 53
2EE TP RS va - 1SS A3, 3 H olske] &
= AHAIC 2= 7|EH st ou] e 4
H5 AN = gk oly e 54 Yepid o]
froll diall 71 YA GPS #F AH59] &
g 34 T AY3 25 A4 (ambiguities) 2F =

57 2 (multipath) 3= QA3 2315 Zo]7] 93|
AME AA (optimal) = o] A A E&AZke] I
23S AAIE vl YTHECKL ef al, 2001). WEkA Tk
A= AA xRS A4 MAOSS] GPS
A3 A5 5 o] 85ty e W] ASAM A A
7 ARE TS & 2 ASA0] Ao} vwE] B

o

1,
i
oX
R
it

k>

3.2 MAOSS| GPS 7(Zs3 A& A

321 GPS & Ag9 EFA7A4

2 AFdAE MAOSY 7V 2tE Ao &
A GPS &= 259 E4o| 3k A FS3Ae
A e oA F)e #etstarat 20139 AA5EH
HFA5717 BN #53 GPS ARE 77 st
A8 A(Sohn er al., 2011, 2012)014] SLEAH T
olf H|H, FAHAN, Xist AZEYO)(TEQC)E
o] g3t FHAANE FA3IATHFig. 8). TEQC Z&
138 University NAVstar Consortium (UNAVCO)o]
A s o golg4ale, L1 US4 2}, L2
U573 2 24}, Ale]E<5H9 (cycle slip)] 47H4] F4%
7} A4+E A A SHCH(Estey and Meertens, 1999). T3k
TEQCE °]&st] 4717+ GPS H|olH 9] FH4%7I=
s Alzhdstel| wWE A FEWE AR
T}eto] g-o]alti(Sohn er al., 2011). FAHA}L 717+
649 2045-E 79 797HA] 18 7kolH, o] 717k Fof
£ 3% AR 2A3Y 79 4 R ol5HS A}
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